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ABSTRACT
1
The e f fe c t  of cytochalasins, a group of fungal metabolites, on 
tile respiration of bacteria and fungi was investigated. Among several 
cytochalasins used only cytochalasin A (CA), a thiol-blocking reagent, 
inhibited respiration of certain bacteria and fungi at low concentra­
tions.
Thirteen bacterial species (5 gram positives and 8 gram negatives)  
were tested for CA-inhibition of respiration. All the gram negative 
organisms used were CA-resistant whereas the gram positive  organisms 
were-susceptible. The CA-inhibition of respiration in gram positive  
bacteria was rapid, concentration dependent and generally reversible by 
washing, except in Bacillus subtil i s , and not mediated via inhibition of  
substrate transport. The CA-susceptibility o f  bacteria was related to ■ 
th eir  permeability to th is  compound. Gram negative organisms which were 
resistant had low CA-permeability whereas susceptible gram positive  
organisms possessed high permeability. CA-resistant gram negative bacteria 
became CA-susceptible and CA-permeable when their? permeability was modi­
fied  with EDTA-treat'ment. .
Among various fungi from 6 phylogenetic groups examined only 
Oomycetes and Chytridiomycetes were susceptible to CA-inhibition of 
respiration. Except in Basidiomycetes CA-susceptibil i ty  was correlated 
with CA-permeation into the c e l l s .  Experiments with Achlya ambisexual i s , 
a typical Oomycetous fungus, indicated that CA-inhibition of respiration  
in th is  fungus was rapid, concentration dependent, irreversib le  and .not 
mediated by inhibition of substrate transport. Although Achlya mitochondria 
in v itro respired the TCA-cycle intermediates pyruvate, alpha-ketogluta-
rate and succinate with good acceptor control ra t io s ,  CA inhibited only
pyruvate oxidation. In contrast to the irreversib le  CA-action in in tact  
systems, inhibition of pyruvate oxidation by isolated  mitochondria was 
reversible by washing.
Both in bacteria and in fungi CA acts as a thiol-blocking reagent.
This thiol-blocking property of .CA is  the key to i t s  effectiveness as a
respiratory inhibitor. The se le c tiv e  action of CA as a respiratory inhi­
bitor i s  mainly responsible for i t s  bacteriostatic  and fu ngistatic  pro­
perties in susceptible organisms-
iv
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CHAPTER I
I ntroduction
A. The C y to c h a la s in s
The c y to c h a la s in s  (G reek  c y to s = c e l l ;  c h a la s i s = r e la x a t io n ;  hence 
c e l l  r e la x in g  s u b s ta n c e s )  a re  a group o f  seco n d ary  m e ta b o l i te s  p ro ­
duced by c e r t a i n  fu n g i .  A pprox im ately  14 y e a r s  ago R o th w e ile r  and 
Tamm (1 9 6 6 ) ,  and C a r te r  (1967) in d e p e n d e n tly  d isc o v e re d  th e s e  com­
pounds. In  view  o f  t h e i r  wide d i s t r i b u t i o n  among s e v e r a l  members o f  
Eumycota ( t r u e  f u n g i ) , i t  i s  r a t h e r  s u r p r i s in g  t h a t  th e  c y to c h a la s in s  
were n o t d isc o v e re d  e a r l i e r .  To d a t e ,  24 c y to c h a la s in s  ahd r e l a t e d  
compounds have been  d e s c r ib e d  in  th e  l i t e r a t u r e  (Tamm, 1978). Almost 
a l l  o f  th e  c y to c h a la s in  p ro d u c in g  fu n g i d e sc r ib e d  so f a r  a re  c l a s s i f i e d  
in to  two f u n g a l 's u b d iv i s io n s , nam ely , A scom ycotina and D eu te ro m y co tin a .
I t  i s  g e n e ra l ly  b e lie v e d  t h a t  th e  genome f o r  th e  b io s y n th e s is  o f  th e s e  
compounds, u nder a p p ro p r ia te  c o n d i t io n s ,  i s  w idely  d i s t r i b u t e d  and con­
se rv ed  in  n a tu r e .  However, th e  s e l e c t i v e  advan tage o f  m ain tenance  o f  
th e s e  d rugs on th e  p ro d u c e rs  th e m se lv es  a re  s u b je c t  to  s p e c u la t io n .  
Commercial a v a i l a b i l i t y  o f  c e r t a in  c y to c h a la s in s  g r e a t ly  f a c i l i t a t e d  
e x p e r im e n ta tio n  w ith  th e s e  compounds, and i t  was soon found t h a t  th e y  
m a n ife s t a wide a r r a y  o f  b io l o g ic a l  a c t i v i t i e s  in  many e u k a ry o t ic  and 
s e le c te d  p ro k a ry o t ic  c e l l s .  To d a te ,  o v e r 500 p ap e rs  d e a l in g  w ith  v a r io u s  
a s p e c ts  o f  c y to c h a la s in  re sp o n se s  have been p u b lish e d .
S ince an e la b o r a te  tr e a tm e n t  o f  th e  ch em is try  o f  c y to c h a la s in s  i s  
beyond th e  scope o f  t h i s  t h e s i s  ( s e e  Tamm, 1978 f o r  re v ie w ) ,  o n ly  r e l e ­
v a n t in fo rm a tio n  co n ce rn in g  some o f  th e  m ost commonly s tu d ie d  members o f
1
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t h i s  group o f  compounds- i s  o u t l in e d .  A n a ly s is  o f  th e  ch em ica l s t r u c ­
tu r e s  o f  s e v e r a l  c y to c h a la s in s  r e v e a le d  t h a t  th e y  a re  v ery  s im i la r  
(F ig .  1 .1 ) .  I t  i s  c l e a r  from  th e  ch em ica l s t r u c t u r e s  t h a t  c y to c h a la ­
s in s  A, B and F a re  m a c ro lid e  a n t i b i o t i c s  t h a t  p o s se ss  a many membered 
la c to n e  r i n g .  U n like  th e  m a c ro lid e  a n t i b i o t i c s  p roduced  by d i f f e r e n t  
s p e c ie s  o f  th e  genus S trep tom yces t h a t  c o n ta in  one o r  more su g a r 
m o it ie s  a t ta c h e d  g ly c o s id ic a l ly  to  th e  l a c to n e ,  c y to c h a la s in s  A, B and 
F a re  a g ly c o s id ic  compounds. The o th e r  3 c y to c h a la s in s  shown in  F ig . 1 .1  
( c y to c h a la s in s  C, D and E) a re  iso m e ric  m a c ro cy c lic  compounds. So, in  
b r i e f ,  c y to c h a la s in s  a re  c h a r a c te r iz e d  by a h ig h ly  s u b s t i t u t e d  p e rh y -  
d ro is o in d o le  group o f  known a b s o lu te  c o n f ig u r a t io n ,  to  which i s  fu se d  
a m a c ro cy c lic  r in g  w hich i s  e i t h e r  carbocyc’i i c ,  a la c to n e  or. a c y c l ic
i
c a rb o n a te .
The m ost commonly s tu d ie d  member o f  t h i s  group o f  m o le c u le s , c y to -  . 
c h a la s in  B (G B), and c y to c h a la s in  A (CA) have a lm ost i d e n t i c a l  s t r u c ­
t u r e s ,  th e  o n ly  d if f e r e n c e  b e in g  t h a t  a h y d ro x y l group o f  CB i s  r e p la c e d  
by a k e to  group in  CA. From th e  p ro to n  n u c le a r  m agnetic  re so n an ce  sp ec ­
t r a l  s tu d ie s  i t  i s  c l e a r  t h a t  th e  h y d ro x y l group in  q u e s tio n  i s  s i tu a te d  
a t  carbon  20. The c o n ju g a te d  system  of^CA f rom carbon  20s^o">22 g iv e s  a 
c h a r a c t e r i s t i c  a b s o rp tio n  in  th e  u l t r a v i o l e t  spectrum  w ith  a maximum a t  
232 nm (L a g u n o ff , 1976).*  T his c h a r a c t e r i s t i c  UV a b so rp tio n  p ro p e r ty  o f  
CA has been e x p lo i te d  to  a ssa y  t h i s  compound s p e c tr o p h o to m e tr ic a l ly , an 
advan tage  o th e r  c y to c h a la s in s  la c k .  CA, b u t  n o t  o th e r  an a lo g u es  t e s t e d ,  
i s  a p o te n t  th io l - b lo c k in g  ag e n t under p h y s io lo g ic a l  c o n d it io n s  (H aslam , 
1972, Himes and H ouston, 1976; L ag u n o ff, 1976; Cunningham e t  a l . , 1979;























F ig . l .X .  C hem ical a t r u c tu r e a  o f  co m m erc ia lly  avaiXabXe c y to c lia X a sin a . 
X. C y to c h a la s in  A ( CA). 2 . C y to c h a la s in  B (C B ). 3 . C y to c h a la s in  C
v (CC). 4 . C y to c h a la s in  D ( CD). 5. C y to c h a la s in  E (C E ). 6. Cyto­
c h a la s in  E (CF) .
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Kuo and Lampen, 1975; M anavathu and Thomas, 1976)..
In  a d d i t io n  to  t h e i r  s t r u c t u r a l  s i m i l a r i t y  th e  c y to c h a la s in s  
s h a re  a number o f  b io l o g ic a l  a c t i v i t i e s  in  e u k a ry o tic  c e l l s .  A lmost 
a l l  th e  e f f e c t s  o f  c y to c h a la s in s  on e u k a ry o te s  d e s c r ib e d  so f a r  can  
be grouped in to  tw o 'm a jo r c l a s s e s ,  nam ely , e f f e c t s  on t r a n s p o r t  o f  
sm a ll m o lecu le s  in to  c e l l s ,  and on c e l l  m o t i l i t y  and m orphology. Those 
e f f e c t s  o f  c y to c h a la s in s  r e l a t e d  to  t r a n s p o r t  o f  s m a ll  m o lecu les  a re  
c a l le d  t r a n s p o r t - r e l a t e d  a c t i v i t i e s .  B ecause o f  th e  p resu m p tio n  t h a t  
c o n t r a c t i l e  system s a re  in v o lv e d  in  c e l l u l a r  m o t i l i t y  and m o rp h o lo g ica l 
a l t e r a t i o n ,  th o s e  c y to c h a la s in  e f f e c t s  r e l a t e d  to  m o t i l i t y  and mor­
phology  a re  known as  c o n t r a c t i l e - r e l a t e d  a c t i v i t i e s .  Examples o f  con­
t r a c t i l e - r e l a t e d  c y to c h a la s in  e f f e c t s  in c lu d e  in h i b i t i o n  o f  c y to k in e s is  
( d iv i s io n  o f  th e  cy top lasm ) w ith o u t i n t e r f e r i n g  w ith  k a ry o k in e s is  
( d iv i s io n  o f  th e  n u c le u s ) ,  i n h i b i t i o n  o f  c e l l  movement, in d u c tio n  o f  
n u c le a r  e x t r u s io n ,  s t im u la t io n  o r  su p p re s s io n  o f  enzyme s e c r e t io n ,  i n h i ­
b i t i o n  o f  p h a g o c y to s is ,  p l a t e l e t  a g g re g a tio n  a n d 'c l o t  r e t r a c t i o n  (K ris h a n , 
1972; C a r te r ,  1967, 1972; P r e s c o t t  e t  a l . , 1 9 7 2 ; .H a rr is  e t  a l . ,  1975; 
Bauduin e t  a l .  ,* 1975; B u tch er and Goldman, 1974; Thoa e t  a l . , 1972; 
W illiam s and W olff, 1971; Thomas e t  a l . , 1974; D avies e t  a l . , 1971;
I .
A llis o n  e t  a l . , 1971; Haslam , 1972). The t r a n s p o r t - r e l a t e d  c y to c h a la s in
_ >
e f f e c t s  a re  i n h i b i t i o n  o f  g lu c o se , g lucosam ine and n u c le o s id e  t r a n s p o r t
4
(K le tz ie n  e t  a l . , 1972; E s te n se n  and Plagem ann, 1972; Zigmond and H irs c h , 
1972; T ay lo r and G agneja , 1976; M izel and W ilson , 1972a; Plagemann and 
E s te n se n , 1972). T y p ic a l ly ,  c y to c h a la s in s  a r e  e f f e c t iv e  a t  low con­
c e n t r a t io n s  (2  x 10“ ® M to  4 x 10“ ® M), r a p id  in  a c t io n  and th e  re sp o n se  
i s  r e a d i ly  r e v e r s ib l e  w ith  th e  fem oval o f  th e  d rug  by w ashing.
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In  s p i t e  o f ^ t h e i r  s t r u c tu r a l^ e s e m b la n c e  and m a n if e s ta t io n  "of
s im i la r  b io l o g ic a l  a c t i v i t y  i n  h ig h e r  e u k a ry o te s ,  c y to c h a la s in s  v a ry  
in  t h e i r  a c t io n  a g a in s t  e u k a ry o t ic  m icrobes ( f u n g i ,  a lg a e  and p ro to z o a ) 
a n d  b a c t e r i a .  Most c y to c h a la s in s  t e s t e d  a re  i n e f f e c t i v e  a g a in s t  th e s e  
o rg an ism s. However, GA i s  a p o te n t  i n h i b i t o r  o f  sp o re  g e rm in a tio n , 
grow th and m e ta b o li te  t r a n s p o r t  o f  s e v e r a l  f ila m e n to u s  and n o n - f i l a me n -  
to u s  fu n g i w here i t s  an a logue  GB h a s  no e f f e c t  ( s e e  T h o d ls , 1978 f o r  
re v ie w ) . C y to c h a la s in  D (CD) h as  a l s o  been shown to  be a f u n g i s t a t i c  
a g e n t. In  b a c t e r ia  CA s e l e c t i v e l y  su p p re s se s  growth and m e ta b o li te  
t r a n s p o r t  in  gram p o s i t i v e  o rgan ism s (Cunningham e t  a l . , 1 979 ). O ther 
c y to c h a la s in s  t e s t e d  (CB and CD) have no e f f e c t  on e i t h e r  b a c t e r i a l  
g row th o r  m e ta b o li te  t r a n s p o r t .
D e sp ite  in te n s iv e  e f f o r t s  by s e v e r a l  r e s e a r c h e r s ,  th e  mechanism 
o f  a c t io n  o f  c y to c h a la s in s  i s  p o o r ly  u n d e rs to o d . P a r t  o f  th e  rea so n  
f o r  la c k  o f  p ro g re s s  in  t h i s  a r^ ^ m a y  be due to  th e  d i v e r s i t y  o f  c y to ­
c h a la s in  a c t io n  on c e l l u l a r  sy stem s coup led  w ith  th e  h e te ro g e n e i ty  o f  
m a te r ia ls  and methods employed by v a r io u s  w ork ers . A lthough a  number o f  
c y to c h a la s in s  a re  used  in  a v a r ie ty  o f  e x p e r im e n ts , th e  b u lk  o f  th e  
in fo rm a tio n  co n ce rn in g  c y to c h a la s in  re sp o n se s  i s  b ased  on CB a c t io n  in  
mammalian c e l l s  and t i s s u e s .  F or t h i s  re a so n  th e  fo llo w in g  d is c u s s io n  
i s  m ain ly  b ased  on th e  s tu d ie s  w ith  C8.
Based on th e  r a p id i ty  o f  a c t io n  and th e  e a se  o f  r e v e r s a l  o f  such 
e f f e c t s ,  C a r te r  (1967) su g g e s te d  th e  plasm a membrane as  th e  p o t e n t i a l  
t a r g e t  o f  c y to c h a la s in  a c t io n .  In  su p p o rt o f  t h i s  p ro p o s a l  L in  and 
Spudich (1974a) r e p o r te d  th e  o c c u rre n c e  o f  s p e c i f i c  r e c e p to r  m o lecu les
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f o r  CB on th e  r e d  c e l l  membrane. S c a tc h a rd  p l o t  a n a ly s i s  o f  th e  
b in d in g  r e a c t io n  en ab led  th e s e  a u th o rs  t o  d e t e c t  h ig h  and low a f f i n i t y  
» b in d in g  s i t e s .  The m a jo r i ty  o f  th e  h ig h  a f f i n i t y  b in d in g  s i t e s  ap p ea r
to  be r e l a t e d  to  t r a n s p o r t  o f  hexose  a c ro s s  th e  r e d  c e l l  membrane.
Thus CB in h i b i t i o n  o f  t r a n s p o r t - r e l a t e d  c e l l  f u n c t io n ,  a t  l e a s t  g lu co se  
u p ta k e , i s  by c o m p e tit io n  f o r  th e  b in d in g  s i t e s  w ith  th e  n a t u r a l  sub­
s t r a t e s .  The f a c t  t h a t  bound CB i s  a lm o s t co m p le te ly  removed by w ashing 
s u g g e s ts  t h a t  th e  b in d in g  o f  CB t o  i t s  r e c e p to r  i s  n o t  v ia  c o v a le n t 
bonds. K in e t ic  s tu d ie s  o f  th e  i n h i b i t i o n  o f  hexose t r a n s p o r t  by CB 
r e v e a ls  t h a t  th e  n a tu re  o f  i n h i b i t i o n  i s  e i t h e r  c o m p e ti t iv e ,  non-com­
p e t i t i v e  o r  even mixed ty p e  (E s te n s e n  and P lagem ann, 1972; K L etzien  and 
P e rd u e , 1973; T ay lo r and G agneja , 1976; M ize l and W ilson , 1972a; Z ig -  
mond and H irs c h , 1972; Czech e t  a l . , 1973; M ize l, 1973).
C y to c h a la s in  in h i b i t i o n  o f  th e  c o n t r a c t i l e  b io l o g ic a l  f u n c t io n s  
in  many e u k a ry o t ic  c e l l s  does n o t  le n d  i t s e l f  t o  s im p le  e x p la n a tio n .
Some in s ig h t s  in to  th e  mechanism o f  CB in h i b i t i o n  o f  c o n t r a c t i o n - r e l a t e d  
p ro c e s s e s  a re  o b ta in e d  by u l t r a s t r u c t u r a l  s tu d ie s  o f  c e l l s  t r e a t e d  w ith  
CB. I t  i s  c o n s i s t e n t ly  o b se rv ed  t h a t  s e v e r a l  c o n t r a c t i o n - r e la t e d  fu n c ­
t i o n s  su ch  a s  c e l l u l a r  movement, c y to p la sm ic  s tre a m in g  and e x o c y to s is ,  
p resum ab ly  m ed ia ted  v ia  th e  invo lv em en t o f  m ic ro f i la m e n ts ,  i n h i b i t e d  by 
CB a re  c o r r e l a t e d  w ith  th e  d isa p p e a ra n c e  o f  m ic r o f i la n i lh t s . Resum ption 
o f  such  fu n c t io n  fo llo w in g  drug  w ith d ra w a l, c o n c o m ita n tly  w ith  th e  r e ­
ap p ea ran ce  o f  norm al m ic ro f i la m e n t, e n ab led  Spooner (1978) to  conclude 
t h a t  th e  d rug  i s  i n t e r f e r i n g  w ith  th e  m ic ro f ila m e n t fu n c t io n  o f  th e  c e l l .  
In  o rd e r  f o r  CB to  im p a ir m ic ro f ila m e n t fu n c tio n  th e  d rug  h a s  t o  pene­
t r a t e  th e  c e l l  membrane. B in d in g  s tu d ie s  w ith  CB and p lasm a membrane
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a b d ic a te  t h a t  th e  d ru g  p r e f e r e n t i a l l y  b in d s  t o  p r o te in s  exposed  to  
th e  cy to p la sm ic  s id e  o f  th e  p lasm a membrane. Spooner (1978) su g g e s ts  
t a t  CB i s  p o s s ib ly  b in d in g  to  p r o te in s  w hich a r e  p u ta t iv e  membrane 
an ch o rin g  s i t e s  f o r  m ic ro f i la m e n ts ,  and th e  sequence o f  e v e n ts  le a d in g  
to  t n e - i n h i b i t i o n  o f  c o n t r a c t io n  a s s o c ia te d  p ro c e s s e s  by OB b e g in s  
w ith  rh e  d i s s o c ia t io n  o f  m icro  f i la m e n ts  from  t h e i r  an ch o rin g  s i t e s  on 
th e  membrane. The low a f f i n i t y  b in d in g  s i t e s  o f  CB on th e  r e d  c e l l  
membrane'-are'-presumed t o  be  r e l a t e d  t o  m ic ro f ila m e n t fu n c t io n .  Thus 
a t  low  drug  c o n c e n tr a t io n  CB may s p e c i f i c a l l y  i n h i b i t  t r a n s p o r t - r e l a t e d  . 
fu n c t io n s  becau se  o f  th e  invo lvem en t o f  th e  h ig h  a f f i n i t y  b in d in g  s i t e s ,  
vhereas a t  h ig h  c o n c e n tra t io n  i t  may i n h i b i t  b o th  t r a n s p C r t - r e l a t e d  and 
c o n t r a c t i l e - r e l a t e d  c e l l  f u n c t io n s .
The mechanism p ro p o sed  f o r  CB a c t io n  on c o n t r a c t i o n - r e la t e d  p ro ­
c e s s e s  depends on CB p e n e t r a t io n  o f  th e  c e l l s .  L in  and B e l l  ( s e e  L in , . 
1978) exam ined t h i s  problem  o f  membrane p e rm e a b il i ty  t o  CB u s in g  r e s e a le d  
’g h o s ts ' o f  r e d  c e l l s  as  a model system . Leaky g h o s ts  were a llo w ed  to
t
r e s e a l  in  a medium c o n ta in in g  3H-CB and ^ C - L - g lu c o s e , a m arker f o r  th e  
p e rm e a b il ity  b a r r i e r  o f  th e  membrane. When th e  g h o s ts  were s u b je c te d  to  
re p e a te d  w ashing t o  remove tra p p e d  r a d io a c t iv e  m a te r ia ls  CB was a b le  to  
p e n e t r a te  th e  membrane and was removed from  th e  g h o s ts  w hereas th e  
tra p p e d  -^ C -L -g lu co se  rem ained  in s id e  th e  g h o s ts .  Such e x i t  o f  
o c c u rre d  even u n d er c o n d i t io n s  where th e  h ig h  a f f i n i t y  b in d in g  s i t e s  o f  
CB a re  b lo c k ed  by p r e tr e a tm e n t  w ith  a t h i o l - b lo c k in g  ag en t p - c h lo r o -  
m erc u rib en zo n a te  (pCMB). These r e s u l t s  co u p led  w ith  th e  t h e o r e t i c a l  
c o n s id e ra t io n  (L ieb  and S te in ,  1971; P lagem ann, 1978) o f  th e  p e rm e a b il i ty
\
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p r o p e r t i e s  o f  a hyd rophob ic  m o lecu le  su g g e s t t h a t  th e  d rug  i s  c ap a b le  
o f  p e n e t r a t io n  o f  t h e  l i p i d  b i l a y e r  o f  th e  c e l l  membrane. C e l ls  
exposed  to  m e ta b o lic  i n h i b i t o r s  such  as  2 ,4 - d in i t r o p h e n o l ,  sodium 
io d o a c e ta te ,  cy c lo h e x im id e , ac tin o m y c in  D, o u ab a in  and piirom ycin were
O '  -
a b le  t o  b in d  a s  much H-C8 as  d id  th e  c o n t r o l .  T h e re fo re  , th e  up take  
o f  CB by c e l l s  i s  n o t  depen d en t on a c t iv e  t r a n s p o r t .  There i s  no e v i ­
dence f o r  m etabo lism  o f  c e l l - a s s o c i a t e d  c y to c h a la s in . ' ' E x t r a c t io n  and-
- r
a n a ly s i s  o f  c e l l-b o u n d  d ru g , fo llo w ed  by th i n  layeij chrom atography
in d ic a te s  t h a t  3H-CB bound to  r a t  mammary adenocarcinom a c e l l s  were 
u n a l te r e d .  .
The n a tu re  and lo c a l i z a t i o n  o f  C B -binding m o lecu les  in  c e l l s  were
in v e s t ig a te d  -by s e v e r a l  g roups ( s e e  L in , 1978 f o r  re v ie w ) . B ind ing
s tu d ie s  conducted- w ith  r a d io la b e le d  CB r e v e a l  t h a t  i t  b in d s  p r im a r i ly
to  i n t e g r a l  p r o te in s  t h a t  a re  exposed to  th e  cy to p la sm ic  s id ^ o ^ r  th e  
♦
membrane and deep ly  embedded in  th e  l i p i d  b i l a y e r .  Such b in d in g  s i t e s  
a re  n o t  d e s tro y e d  o r  shed d u r in g  p ro lo n g ed  exposure to  d ru g s . '
A UQ>fied mechanism o f  ac tio i(^ for^C B  w ith  r e s p e c t  to  t r a n s p o r t -  
r e l a t e d  and c o n t r a c t i l e - r e l a t e d  p ro c e s s e s  h a s  been p ro p o sed  by Spooner 
(1 9 7 8 ) . \^Fh^d s p e c u la t io n  i s  b ased  on th e  assum ption  t h a t  m icroV ilam ent 
n cn h rag e  s i t e s  and th e  hexose c a r r i e r  on th e  membrane a re  somehow lin k e d  
in  1 ^ e ir  a s s o c ia t io n  on th e  membrane. B ind ing  o f  CB to  one would in ­
f lu e n c e  th e  p ro p e r  fu n c t io n  o f  th e  o th e r ,  ifow ever, o th e r  e x p e r im e n ta l 
r e s u l t s  s u g g e s t t h a t  th e  twot pharm aco log ic  e f f e c t s ^ a f  th e  drug may be 
s e p a r a te .  In  s u p p o rt o f  t h i s  n o tio n  i t  i s  d em onstra ted  t h a t  a CB 
d e r iv a t iv e  t h a t  la c k s  th e  a b i l i t y  to  i n h i b i t  hexose t r a n s p o r t  i s  s t i l l  -
x  . '
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c a p a b le  o f  i n h i b i t i n g  m ic ro f ila m e n t a s s o c ia te d  p h y s io lo g ic a l  fu n c tio n s  
(L in  and L in ,  1978; L in  , e t  a l . , 1978 ).
B. S t r u c t u r a l  and F u n c tio n a l V a r ia t io n s  o f  Gram P o s i t i v e  and Gram N eg a tiv e  
B a c t e r i a l  C e l l  W alls
B ased on t h e i r  r e a c t io n  to  th e  Gram s t a i n ,  b a c t e r i a  a re  c l a s s i c a l l y  
d iv id e d  in to  gram p o s i t i v e  and gram n e g a t iv e  organism s^ The Gram s t a i n  
i s  a n .e m p i r ic a l  p ro c e d u re  in  w hich c e l l s  a re  t r e a t e d  s u c c e s s iv e ly  w ith  
c r y s t a l  v i o l e t ,  w ith  io d in e  and w ith  s a f r a n in e .  Both gram p o s i t i v e  
a n d  gram n e g a t iv e  b a c t e r i a l  c e l l s  a re  en cased  in  r i g i d ,  p o ro u s , box­
l i k e  s t r u c t u r e s  c a l le d  c e l l  w a l l s .  A lthough th e  p r o te c t iv e  fu n c t io n  o f  
1he c e l l  w a ll  a g a in s t  o sm otic  ru p tu re  was w e ll  re c o g n iz e d , v e ry  l i t t l e  
was known ab o u t i t s  co m p o sitio n  u n t i l  m ethods were d ev e lo p ed  f o r  i s o ­
l a t i n g  and p u r i f y in g  c e l l  w a lls  ( S a l to n ,  1964 ). R ecen t r e s e a r c h  on c e l l  
w jall b io c h e m is try  in d ic a te s  t h a t  b a c t e r i a l  c e l l  w a lls  can no lo n g e r  be 
c o n s id e re d  a s  i n e r t  p h y s ic a l  e n t i t i e s ;  r a t h e r  th e y  p a r t i c i p a t e  in  many 
o th e r  a s p e c ts  o f  b a c t e r i a l  p h y s io lo g y . M oreover, ch em ica l a n a ly s i s  o f  
c e l l  w a ll  p r e p a r a t io n s  re v e a le d  th e  com p lex ity  and d iv e r s i ty  o f  w a ll 
c o m p o sitio n , n o ta b ly  th e  c o m p o s itio n a l v a r i a t io n s  betw een th e  w a lls  o f  
gram p o s i t i v e  and gram n e g a t iv e  o rg an ism s. S ince p a r t  o f  t h i s  t h e s i s  
p e r t a in s  t o  th e  s e l e c t iv e  a c t io n  o f  CA on gram p o s i t i v e  b a c t e r i a ,  w hich 
ap p ea rs  to  be dependen t on th e  s t r u c t u r e  and fu n c tio n  o f  th e  c e l l  w a l l ,  
th e  s t r u c t u r a l  and f u n c t io n a l  d i s s i m i l a r i t i e s  betw een th e  w a lls  o f  gram
p o s i t i v e  and gram n e g a t iv e  b a c t e r i a  w i l l  be b r i e f l y  o u t l in e d .
*
R em arkable s t r u c t u r a l  and f u n c t io n a l  v a r i a t io n s  e x i s t  betw een c e l l
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.w a lls  o f  gram p o s i t i v e  and gram n e g a t iv e  b a c t e r i a .  E le c tro n  mi’c r o -  
s c o ^ c ^ u d i e s  r e v e a l  t h a t  th e  gram p o s i t i v e  b a c t e r i a l  c e l l  w a ll  con­
s i s t s  o f  a  s in g le  c o n tin u o u s  la y e r  o f  u n ifo rm  th ic k n e s s  ra n g in g  betw een 
20 t o  80 nm._ C h em ica lly , th e  c e l l  w a ll  i s  composed o f  th r e e  ty p e s  o fJ s  • *
p o ly m e rs , nam ely , p e p t id o g ly c a n s , p o ly s a c c h a r id e s  and te i c h o ic  a c id s .
In  gram p o s i t i v e  b a c t e r i a ,  th e  m a jo f~ c e ll  w a ll  component ( g e n e r a l ly  
a c c o u n tin g  f o r  50 t o  80 p e rc e n t  o f  th e  w e ig h t o f  th e  c e l l )  i s  p e p t i ­
dog lycan . ' I t  i s  a  h e te ro p o ly m e r composed o f  l i n e a r  r e c u r r in g  u n i t s  
o f  N -a c e ty l  g lucosam ine and N -ace^y^m uram ic  a c id  c ro s s  l in k e d  w ith  a 
t e t r a p e p t id e  c o n ta in in g  L -a la n in e ,  D -a la n in e , D -g lu tam ic  a c id  and e i t h e r  
d iam in o p im elic  a c id  o r  L - ly s in e .  The m ain and  p e rh ap s  th e  on ly  fu n c t io n  
o f  th e  p e p tid o g ly c a n  component i s  to  p ro v id e  m ech an ica l s t r e n g th  t o  th e  
c e l l  w a ll .  I n te r s p e r s e d  in  th e  p e p tid o g ly c a n  m o ie tie s  a re  p o ly s a c ­
c h a r id e s  o f  v a r io u s  ty p e s  and t e i c h o ic  a c id s .  T eicho 'ic ' a c id s ,  found 
as w a ll  com ponents e x c lu s iv e ly  in  gram p o s i t i v e  b a c t e r i a ,  a re  l i n e a r  
po lym ers d e r iv e d  from  e i t h e r  g ly c e ro l  p h o sp h a te  o r  r i b i t o l  p h o sp h a te . 
These a c id ic  p o ly p h o sp h a te  compounds a re  h e ld  to g e th e r  in  p o ly m eric  
form by d iv a le n t  c a t io n s  such  a s  ca lc iu m . A lthough  t h e i r  r o le  i s  p o o r ly  
u n d ers to o d  c a t io n s  such  a s  ca lc iu m  a re  e s s e n t i a l  . fo r  th e  s t a b i l i t y  o f
th e  c e l l  w a ll .  The o r g a n iz a t io n a l  p a t t e r n  o f  p e p t id o g ly c a n , p o ly s a e -
&
c h a r id e s  and t e i c h o ic  a c id s  in  th e  gram p o s i t i v e  c e l l  w a ll  i s  p o o r ly  
u n d e rs to o d . However, i t  ap p ea rs  t h a t  th e  th r e e  ty p e s  o f  po lym ers may 
b e  in  p a r t  c o v a le n t ly  l in k e d  t o  one a n p th e r ,  th u s  p ro d u c in g  a w a ll  
f ib r i c  o f  enormous s i z e  and m o lecu la r c o m p le x ity . P ro te in 's ,  i f  p r e s e n t ,  
a re  a s s o c ia te d  w ith  th e  o u te r  s u r f a c e  o f  th e  w a ll  as s u p e r f i c i a l  s t r u c ­
tu r e s .  B eing v e ry  p o ro u s  in  i t s  t e x tu r e  th V 'w a ll  o f  gram p o s i t i v e  b a c -
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t e r i a  c o n fe r s  no p e rm e a b il i ty  b a r r i e r .  M olecu les may have ea sy
a c c e s s  t o  th e  c y to p la sm ic  membrane where an a r r a y  o f  b io s y n th e t ic
p ro c e s s e s  o c c u rs .
In  c o n t r a s t  to  th e  sim p le  m onolayered  c e l l  w a ll  o f  gram p o s i t i v e  
b a c t e r i a ,  m a in ly  composed o f  p e p t id o g ly c a n , th e  gram n e g a t iv e  b a c t e r i a l  
c e l l  w a l l  i s  com plex and  made up o f  a t  l e a s t '  two d i s t i n c t  l a y e r s  
( F ig .  1 .2 ) .  The in n e r  la y e r ,-m a d e  up o f  p e p t id o g ly c a n , i s  ap p ro x im a te ly  
2 t o  3 ran w ide. B ecause o f  th e  d e n se , r i g i d  app ea ran ce  i t  i s  f r e q u e n t ly  
r e f e r r e d  to  a s  th e  ’r i g i d  l a y e r ’ . W all f r a c t io n a t io n  and su b se q u en t 
chem ical a n a ly s e s  show t h a t  th e  p e p tid o g ly c a n  c o n te n t  o f  th e  w a ll  o f  
gram n e g a t iv e  b a c t e r i a  i s  r e l a t i v e l y  low (1  t o  10 p e r c e n t  o f  th e  t o t a l  
w eigh t o f  th e  w a ll)  and i s  e x c lu s iv e ly  co n fin e d  to  th e  s o - c a l l e d  r i g i d  
la y e r  (M urray e t  a l . , 1965; K o lenbrander and E n s ig n , 1968; F o rsb e rg  e t  a l . , 
1970, 1972 ). The p e p tid o g ly c a n s  a re  'b e lie v e d  to  be p r im a r i ly  re sp o n ­
s i b l e  f o r  th e  r i g i d i t y  o f  th e  c e l l  w a ll .  As in  gram p o s i t i v e  o rgan ism s 
th e  p e p tid o g ly c a n  la y e r  o f  gram n e g a t iv e  b a c t e r i a  c o n fe rs  no s e le c t iv e  
b a r r i e r .  The o u te r  la y e r  (8  to  10 nm wid’e ) , s i t u a t e d  p e r ip h e r a l  to  th e  
r ig id  l a y e r ,  h as  a f in e  s t r u c t u r e  v i r t u a l l y  i d e n t i c a l  to  t h a t  o f  a u n i t  
membrane ( s e e  C o s te r to n , 1974 f o r  rev ie w )an d  f o r  t h i s  re a so n  i t  i s  some­
tim e s  c a l l e d  th e  ’o u te r  membrane’ . Chem ical a n a ly se s  o f  o u te r  membrane 
r e v e a l  t h a t  i t  i s  b a s i c a l l y  composed o f p h o s p h o lip id s  and p r o te in s  
(F o rsb e rg  e t  a l . , '1970; Schnaitm an, 1970; O sborn e t  a l . , 1972 ). I n t e r ­
sp e rs e d  in  th e  b a s ic  fram e work o f  p h o s p h o lip id s  and p r o te in s  I s  a group 
o f  am p h ip a th ic  l ip o p o ly s a c c h a r id e  m o lecu le s  ( d e P e t r i s ,  1$67; D ePam philis

























F ig . 1 .2 .  Diagram s i l l u s t r a t i n g  th e  s t r u c t u r e  o f  th e  c e l l  e n v e lo p e s  o f  
gram p o s i t i v e  and gram n e g a t iv e  b a c t e r i a -  A f te r  Lo, 1979.
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co m p o sitio n  o f  th e  o u te r  membrane i s  q u a n t i t a t i v e l y  v e ry  s im i l a r ,  b u t 
q u a l i t a t i v e l y  d i f f e r e n t  from  t h a t  o f  th e  cy to p la sm ic  membrane (O sborn 
e t  a l . , 1972; White e t  a l . , 1972). P r o te in  a n a ly s e s  by d i r e c t  p u r i ­
f i c a t i o n  and g e l  e l e c t r o p h o r e s i s  r e v e a l  t h a t  th e r e  a re  ap p ro x im ate ly  
5 m ajor and n e a r ly  50 m inor o u te r  membrane p r o te in s  (S ch n a itm an , 1970, 
1 9 7 3 ). G en e tic  s tu d ie s  have c l a r i f i e d  th e  fu n c t io n s  o f  s e v e r a l  o f  
th e s e  p r o t e i n s ;  some s e rv e  as  s t r u c t u r a l  com ponents o f  th e  membrane 
vhereas o th e r s  e x h ib i t  enzym ic a c t i v i t y  (H enning and H a l l e r ,  1975; • 
Schw eizer e t  a l . j  1976; Manning e t  a l . , 1 9 7 7 ). The lip o p o ly s a c c h a r id e s  
a re  found e x c lu s iv e ly  on th e  o u te r  membrane (m ain ly  on th e  o u te r  la y e r )  
o f  gram n e g a t iv e  o rg an ism s. B eing am p h ip a th ic  m o le c u le s , th e y  would 
behave in  a manner s im i la r  to  p h o sp h o lip id s  and would c o n s t i t u t e  a p a r t . 
o f  th e  b i l a y e r  s t r u c t u r e .  A lthough th e  e x a c t  m o le c u la r  o rg a n iz a t io n  Of 
l ip o p o ly s a c c h a r id e  i s  n o t  u n d e rs to o d , s e v e r a l  a u th o rs  have su g g es ted  
t h a t  th e  hydrophob ic  l i p i d  p o r t io n  o f  th e s e  m o lecu le s  a s s o c ia t e s  w ith  
th e  hydrophob ic  zone o f  th e  o u te r  membrane, w h ile  th e  p o ly s a c c h a r id e
p o r t io n  p ro tru d e s  from  th e  in n e r  and th e  o u te r  s u r fa c e s  (C o s te r to n ,  1974 
/
f o r  re v ie w ) . In  a d d i t io n  to  th e  r i g i d  l a y e r  and th e  o u te r  membrane th e  
w a lls  o f  c e r t a in  gram n e g a t iv e  b a c t e r i a  p o s se s s  an a d d i t io n a l  o u te r  la y e r  
o f te n  d is p la y in g  a rem ark ab ly  r e g u la r  f in e  s t r u c t u r e  (M urray and W atson, 
1966; Watson and Remsen, 1969; F le tc h e r  and F lo o d g a te , 1973).
The o u te r  membrane o f  gram n e g a t iv e  b a c t e r i a  fu n c t io n s  p r im a r i ly
a s  a  p e rm e a b il i ty  b a r r i e r  to  many s u b s ta n c e s  w ith  m o le c u la r  w e ig h ts
*
g r e a te r  th a n  s e v e r a l  h u n d red , f o r  in s ta n c e ,  purom ycin , b e n z y l p e n ic i l l i n , 
s tre p to m y c in , ac tin o m y c in  D and ad en o sin e  t r ip h o s p h a te  (L e iv e , 1974;
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Nakae and N ik a id o , 1975; H a m ilto n -M iU e r, 1965 ; Mayer and A vi-D or, 1967). 
S im i la r ly ,  lysozym e (m o le c u la r  w e ig h t 13930 d a l to n s )  i s  e f f e c t i v e l y  
ex c lu d ed  from  gram n e g a t iv e  c e l l s , w h ile  th e  b a r r i e r  ‘l a y e r  o f  th e  w a ll 
i s  i n t a c t ,  and can o n ly  p e n e t r a te  t o  i t s  s u b s t r a te  ( th e  p e p tid o g ly c a n )  
when th e  b a r r i e r 'h a s  been b reac h ed  ( B i r d s e l l  and C o ta -R o b le s , 1967).
The b a r r i e r  fu n c t io n  o f  th e  o u te r  membrane a g a in s t  a n t i b i o t i c s  such 
a s  p e n i c i l l i n  i s  c o n s i s te n t  w ith  th e  o b s e rv a tio n  t h a t  gram n e g a t iv e  
organism s a re  much more r e s i s t a n t  to  p e n i c i l l i n  G th a n  gram p o s i t i v e  
o rg a n ism s , in  s p i t e  o f  th e  f a c t  t h a t  th e  t a r g e t  enzyme D -a la n in e ,. tr a n s ­
p e p t id a s e  i s  s im i la r l y  s e n s i t i v e  t o  p e n i c i l l i n  G iii b o th  k in d s  o f  o rgan ­
ism s (N ik a id o , 1973). The l ip o p o ly s a c c h a r id e  component o f  th e  o u te r  
membrane i s  ex trem ely  im p o rta n t in  m a in ta in in g  th e  b a r r i e r  fu n c t io n  as  
in d ic a te d  by ex p erim en ts  aimed a t  m od ify ing  i t .  For in s ta n c e ,  EDTA 
r e le a s e s  a b o u t 50 p e rc e n t  o f  l ip o p o ly s a c c h a r id e  from th e  gram n e g a t iv e  
E s c h e r ic h ia  c o l i  co n c o m ita n tly  w ith  th e  lo s s  o f  th e  p e rm e a b il i ty  b a r r i e r  
a g a i n s t  ac tin o m y c in  D and th e  p e n i c i l l i n  G (L e iv e , 19 6 5 ). S im ila r ly ,,  
t r e a tm e n t  w ith  EDTA re n d e rs  S a lm onella  ty p h i  s u s c e p t ib le  t o  po lym yxin , 
n o v o b io c in , b a c i t r a c i n ,  ac tin o m y c in  D and p e n i c i l l i n  G (M uschel and 
G u s ta fso n , 1968 ). In  a d d i t io n  to  th e  b a r r i e r  fu n c t io n  th e  o u te r  membrane 
ap p ea rs  to  have o th e r  f u n c t io n s .  S ince  th e  p e p tid o g ly c a n  la y e r  in  gram 
n e g a t iv e  o rgan ism s i s  ex trem ely  th i n  (a p p ro x im a te ly  2 to  3 nm) i t  i s  
u n l ik e ly  t h a t  t h i s  i s  th e  o n ly  r i g i d  l a y e r  in  th e  c e l l  w a l l ,  and i t  
ap p ea rs  t h a t  th e  o u te r  membrane la y e r  may a ls o  p la y  an im p o rta n t r o le  
in  m a in ta in in g  r i g i d i t y  and shape o f  th e  c e l l  (C arson  and Eagon, 1966;
Cox and Eagon, 1968 ). C e r ta in  p r o te in s  and l ip o p o ly s a c c h a r id e s  o f  th e  
o u te r  membrane fu n c tio n  as r e c e p to r s  f o r  b a c te r io p h a g e s  and c o l i c in s .
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A lso , th e  a n t ig e n ic  d e te rm in a n ts  o f  many gram n e g a t iv e  o rgan ism s a re  
lo c a te d  on th e  o u te r  membrane ( s e e  R aetz ,^1978  f o r  re v ie w ) .
From t h i s  b r i e f  d is c u s s io n  i t  i s  c l e a r  t h a t  th e  c e l l  w a ll  o f  
gram n e g a t iv e  b a c t e r i a  i s  un ique in  many r e s p e c t s ,  e s p e c i a l l y  w ith  
reg ard  to  th e  l ip o p o ly s a c c h a r id e - c o n ta in in g  o u te r  membrane t h a t  fu n c ­
t i o n s  a s  a p a s s iv e  b a r r i e r  to  many m o le c u le s . T h is  b a r r i e r  g e n e ra l ly  
re n d e rs  gram n e g a t iv e  b a c t e r i a  more r e s i s t a n t  to  a n t i b i o t i c s  th a n  a re  
gram p o s i t i v e  o rg an ism s.
C. The Oomycetes in  F ungal Phylogeny
S ince  a m ajo r p o r t io n  o f  th e  in v e s t ig a t io n  d e s c r ib e d  in  t h i s  t h e s i s  
i s  c e n te re d  on th e  s u s c e p t i b i l i t y  to  GA o f  s e v e r a l  Oomycetous fu n g i 
and th e  s p e c i a l  p o s i t i o n  th e s e  o rgan ism s ap p ea r to  have in  fu n g a l  phy­
lo g e n y , a b r i e f  d e s c r ip t io n  o f  t h e i r  p o s s ib le  s t a t u s  in  th e  e v o lu tio n a ry  
scheme i s  a p p r o p r ia te .  A lthough n o t  co m p le te ly  s a t i s f a c t o r y ,  th e  fu n g a l 
taxonom ic scheme and th e  d e s c r ip t iv e  te rm s used by Ross (1979) a re  adop ted  
in  t h i s  d e s c r ip t io n ,  s in c e  th e y  a re  b ased  on a broad  fo u n d a tio n  in c o r ­
p o r a t in g  r e c e n t  in fo rm a tio n .
T here i s  c o n s id e ra b le  co n fu s io n  and a t  tim e s  d isag ree m en t among
m y c o lo g is ts  a s  to 'w h ic h  o rgan ism s c o n s t i t u t e  th e  fu n g a l  w o rld . Con-
•»*
s id e r in g  th e  enormous m o rp h o lo g ic a l and b io c h e m ic a l v a r i a t i o n s  in  
S m g i, i t  i s  ex tre m e ly  d i f f i c u l t  to  fo rm u la te  a d e f in i t i o n  to  accom odate 
every  p o s s ib le  member o f  th e  group . However, a t  p r e s e n t ,  many mycolo­
g i s t s  use  th e  word fungus to  in c lu d e  'n u c le a te d ,  s p o re -b e a r in g ,  a c h lo ro -  
p h y llo u s  o rgan ism s w hich g e n e ra l ly  rep ro d u ce  s e x u a l ly  and a s e x u a l ly ,  and
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whoqe u s u a l ly  f i la m e n to u s ,  b ranched  so m atic  s t r u c t u r e s  a re  t y p i c a l l y  
su rro u n d e d ’by c e l l  w a l l s  c o n ta in in g - c e l lu lo s e  o r  c h i t i n ,  o r  b o th 1 
(A lex o p o u lo s , 1 9 6 2 ). Fungi a re  a b s o rp t iv e  ( o b ta in in g  food  by a b so rb ­
in g  s o lu b le  n u t r i e n t s  from  t h e i r  en v ironm en t) and g e n e ra lly  m u l t i -  
n u c le a te .  The m u l t in u c le a r i ty  o f  fu n g i  co u p led  w ith  t h e i r  e x t r a ­
o rd in a ry  ten d en cy  tow ards so m atic  f u s io n ,  c o n t r ib u te  to  th e  gen e- 
cy top lasm  in t e r a c t io n s  t h a t  a re  n o t  n o rm a lly  found in  o rgan ism s o th e r  
th a n  fu n g i.  T h is  g en e-cy top lasm  i n t e r a c t i o n s  form th e  b a s is  o f  v a r ­
i a b i l i t y  o f  fu n g i even in  th e  absence o f  s e x u a l  r e p ro d u c t io n .
The p h y lo g e n e tic  r e l a t i o n s h ip  o f  fu n g i to  th e  r e s t  o f  th e  b io lo g ic a l  
w orld  h as  been p u re ly  s p e c u la t iv e  e v e r  s in c e  taxonom ic schemes have 
been developed . Under th e  two k in g d o n , p la n t /a n im a l  c l a s s i f i c a t i o n ,  
fu n g i have been  t r a d i t i o n a l l y  a s s ig n e d  to  th e  p la n t  kingdom. Under t h i s  
scheme, th e y  have been im p l i c i t l y  assumed to  p o s se ss  c h a r a c t e r i s t i c s  o f  
p la n t s ;  th e  a ss ig n m en t was j u s t i f i e d  by th e  p re se n c e  o f  a c e l l  w a ll  
m ain ly  composed o f  c e l lu lo s e  o r  c h i t i n ,  o r  b o th  ( a t  l e a s t  in  some s ta g e s  
o f  t h e i r  l i f e  c y c le ) .  However, o th e r  fu n g a l  c h a r a c t e r i s t i c s  such as 
h e te r o tr o p h ic  a b s o rp t iv e  mode o f  n u t r i t i o n ,  la c k  o f  c h lo ro p h y l l  and th e  
p re sen ce  o f  m u l t in u c le a r i ty  q u e s tio n  th e  v a l i d i t y  o f  such  a schem e.
S ince th e  two kingdom scheme has cau sed  fo rm id a b le  taxonom ic p roblem s 
re g a rd in g  o rgan ism s p o s se s s in g  c h a r a c t e r i s t i c s  o f  b o th  an im als  and p l a n t s ,  
s e v e ra l  a tte m p ts  have been made to  in c o rp o ra te  th e s e  o rgan ism s in to  d i f f ­
e r e n t  kingdom s. A cceptance o f  such a t te m p ts  h as  come on ly  r e l a t i v e l y  
r e c e n t l y  when W h ittak e r (1969) in tro d u c e d  th e  five-k ingdom  c l a s s i f i c a ­
t i o n  schem e, em bracing  M onera, P r o t i s t a ,  F u n g i, P la n ta e  and AnimraLia.
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T able 1 .1 .  C la s s i f i c a t i o n  o f  f u n g i .  A f te r  R o ss , 1979.'
_ Kingdom Fungi 
D iv is io n  Pantonemomycota
C la ss  Oomycetes
C la ss  H yphochy trid iom ycetes
D iv is io n  Eumycota '
S u b d iv is io n  M astigom ycotina ^
C la ss  C h y trid io m y ce tes
S u b d iv is io n  Zygom ycotina
C la ss  Zygomycetes
- C la ss  T richom ycetes
S u b d iv is io n  A scoraycotina
C lass  H em iascom ycetes
C lass  P lec to m y ce tes
C lass  Pyrenom ycetes
C la ss  D iscom ycetes
C la ss  L ocu lascom ycetes
C lass  L aboulben iom ycetes
S u b d iv is io n  D euterom ycotina
C lass  Hyphomycetes
C la ss  Coelom ycetes
S u b d iv is io n  B asid io m y co tin a
C la ss  T eliom ycetes
C la ss  Hymenomycetes
C lass  G astrom ycetes «
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A lthough maiiy p rob lem s c o n c e rn in g  fu n g a l phy logeny  rem ain  u n re s o lv e d ,
i
th e  e le v a t io n  o f  fu n g i to  kingdom s t a t u s  h e lp s  to  a l l e v i a t e  th e  an g u ish  
o f  th o s e  opposed to  th e  lum ping to g e th e r  o f  fu n g i and p l a n t s .
■ 1
However, s e p a ra t io n  o f  fu n g i from  th e  p l a n t  kingdom le a v e s  unan­
sw ered s e v e r a l  q u e s tio n s  c o n c e rn in g  th e  p h y lo g e n e tic  r e l a t i o n s h ip  o f  
v a r io u s  g roups w ith in  th e  kingdom o f  fu n g i .  A m ajor d i f f i c u l t y  in  th e  
s tu d y  o f  fu n g a l  phylogeny seems to  be th e  absence o f  an e s ta b l i s h e d  
c h r o n o lo g ic a l  f o s s i l  r e c o rd .  A lthough f o s s i l  fu n g i have been d isc o v e re d  
among th e  very  o ld e s t  e u k a ry o t ic  f o s s i l s  (M artin ., 1968; C loud, 1 9 6 5 ),
no one ty p e  o r  group a p p e a rs  f i r s t ,  making i t  d i f f i c u l t  even to  s p e c u la te
*
on th e  d e f i n i t e  s t a r t i n g  p o in t  from which p h y lo g e n e tic  t r e e s  a re  g e n e ra l ly  
c o n s tru c te d .  So th e  m ajor c r i t e r i a  used to  e s t a b l i s h  p o s s ib le  r e l a t i o n ­
s h ip s  among fu n g i were d e r iv e d  from  th e  c h a r a c t e r i s t i c s  o f  contem porary  
s p e c ie s .  Most .o f,-th e  taxonom ic c r i t e r i a  u sed  in  th e  p a s t  f o r  fu n g i were 
based  on m orphology. U n fo r tu n a te ly ,  m ost fu n g i a re  in h e re n t ly  v a r ia b le  
and th e re  a r e  o n ly  a v e ry  few  a s p e c ts - o f  morphology t h a t  a re  r i g i d l y  • 
s t a b l e  w ith in  th e  l i m i t  o f  taxonom ic re q u ire m e n ts . So any p h y lo g e n e tic  
t r e e s  c o n s tru c te d  s o le ly  on th e  b a s is  o f  m o rp h o lo g ica l c r i t e r i a  may be 
v u ln e ra b le  to  th e  o n s la u g h t o f  new in fo rm a tio n .
T r a d i t io n a l ly ,  based  on m o rp h o lo g ica l c r i t e r i a ,  th e  fu n g i have been 
d iv id e d  in to  four m ajor g ro u p sM y x o m y ce te s  ( th e  s lim e  m o ld s) , Phyco- 
m ycetes ( th e  a l g a l - f u n g i ) , A scom ycetes ( th e  s a c - fu n g i)  and B asidiom y- 
c e te s  ( th e  c lu b  f u n g i ) .  A ccord ing  to  t h i s  scheme i t  i s  b e lie v e d  t h a t  
a l l  fu n g i a re  d e r iv e d  from a  s in g le  a n c e s t r a l  group ( m onophy letic  o r i g i n ) .




W hile th e  a f f i n i t y  o f  Myxomycetes t o  o th e r  groups o f  fu n g i i s  u n ce r­
t a i n ,  many m y c o lo g is ts  b e l ie v e  t h a t  th e  Phycom ycetes a re  p r im i t iv e  and „ 
p ro b a b ly  g iv e  r i s e  to  o th e r  more advanced g ro u p s . With th e  ad v en t o f  
b io c h e m ic a l phylogeny and th e  in c re a s e d  use o f  b io c h e m ic a l m arkers 
in  fu n g a l taxonom y, i t  i s  e v id e n t t h a t  th e  Phycom ycetes c o n s t i t u t e  an 
u n n a tu ra l  assem blage o f  o rg a n ism s , p e rh a p s  d e r iv e d  from d i f f e r e n t  an­
c e s t r a l  l i n e s .  Having a s s e s s e d  t h i s  p rob lem , A lexopoulos in  1962 d i ­
v id e d  Phycom ycetes in to  s i x  c l a s s e s ,  C h y tr id io m y c e te s , H y p h o ch y trid io - 
m y c e te s , O om ycetes, P lasm od iophorom ycetes, Zygomycetes and T rich o m y ce tes , • 
in  which th e  C h y trid io m y ce tes  were b e l ie v e d  t o  be th e  m ost p r imi t i v e . 
However, th e  m onophyletic  o r ig i n  o f  th e s e  groups was u n q u e s tio n e d , and 
th e  p h y lo g e n e tic  r e l a t i o n s h ip s  betw een ' th e  s ix  ta x a  were n o t  c l a r i f i e d .  
Newer in fo rm a tio n , p red o m in an tly  b io c h e m ic a l, p ro v id e s  co m p e llin g  a rg u ­
m ents a g a in s t  m onophy letic  o r i g i n ,  and p ro v id e s  s u p p o rt f o r  two d i s ­
t i n c t  d iv i s io n s .  One such  d iv i s i o n ,  th e  Pantonemomycota ( O l iv e r ,  1975) 
o r  Oomycota (Ragan and Chapman, 1978) in c lu d e s  the"O om ycetes and th e  
H yphochy trid iom yce tes. The rem a in in g  Phycom ycetes a re  c l a s s i f i e d  t o ­
g e th e r  w ith  th e  A scoraycetes and th e  B asid iom ycetes  in  th e  second d iv i s io n ,  
Eumycota. W hile th e  b io c h e m ic a l d i s s i m i l a r i t i e s  betw een th e  Pantonemo­
mycota and th e  Eumycota (T ab le  1 .2 )  su g g e s t a d ip h y le t i c  o r ig in  f o r  
f u n g i ,  some a u th o rs  m a in ta in  th e  v ie w p o in t t h a t  Pantonemomycota a re  
fu n g i.  O th e rs  l i k e  S h a f fe r  (1975) argue  t h a t  Oomycetes and H y p o ch y tri-  
d iom ycetes can n o t be c o n s id e re d  a s  fu n g i on th e  b a s i s  t h a t  a ta x o n , no 
m a tte r  what r a n k ,  sh o u ld  have a m onophy le tic  o r ig in .
A lthough a d ip h y le t i c  o r ig in  f o r  fu n g i h as  been p ro p o sed  by many 
a u th o r s ,  c o n s id e ra b le  d isag reem en t as  to  th e  p ro b a b le  p r o g e n i to r ( s )  o f

















T able 1 .2 .  A com parison o f  th e  b io c h e m ic a l c r i t e r i a  used  to  p ropose  
d ip h y le t i c  o r ig in  o f  Pantonemomycota and Eumycota.
B io ch em ica l
c r i t e r i o n
Pantonemomycota Eumycota R eference
C e l l  w a ll  co m p o sitio n C on ta ins m ain ly  c e l l u lo s e .  
R are ly  c h i t i n .
C o n ta in s  c h i t i n .  
No c e l lu lo s e .
B a r t in ic k i - G a r c ia , 
1970.
L ysine  b io s y n th e s is D iam inopim elic  a c id  
(DAP) pathw ay
A m inoadipic a c id  
(AAA) pathw ay
V ogel, 1964 , 1965.
M olecu la r w eigh t 
o f  th e  28 S rRNA
1 .4 0  to  1 .43  x 10^ d a l to n s 1 .3 0  t o  1 .3 6  x 106 
d a l to n s
L o v e tt and H aselby , 
1971.




g lu tam ate
dehydrogenase
Type I I I Types I  and I I L eJohn , 1971 b , 
1974.
D (- ) -L a c ta te  
dehydrogenase
I n h ib i te d  by ATP I n h ib i te d  by ATP 
and GTP
L eJohn, 1971 a ,  
1974.
^T ryptophan
b io s y n th e t ic
enzymes
Type IV Types I , I I  and I I I H u tte r  and DeMoss, 
1967.
I s o c i t r a t e  * 
dehydrogenase
N ADP-linked; c a ta ly s e  an 
i r r e v e r s i b l e  r e a c t io n
U su a lly  NAD-linked. 
I f  NADP-llnked, 
c a ta ly s e  a r e v e r ­
s i b l e  r e a c t io n


















NAD-linked g lu tam a te  dehydrogenase o f  fu n g i a re  c l a s s i f i e d  in to  
3 ty p e s  on th e  b a s i s  o f  t h e i r  a c t i v a t o r s  and i n h i b i t o r s .
Type I .  No a c t i v a t o r s ;  no i n h i b i t o r s :  no g lu c o se  r e p r e s s io n  o f  
s y n th e s i s .  Type I I .  A c tiv a te d  by Ca; + , Mn++ and AMP; in h i b i t e d  
by c i t r a t e ,  ATP, FDP, EDTA and GTP; no g lu c o se  r e p r e s s io n  o f  
s y n th e s i s .  Type I H ;  A c tiv a te d  o r  in h ib i t e d  by AMP, ATP and GTP; 
a c t iv a t e d  by NADP, NADPH, a c e ty l  CoA, s h o r t  c h a in  d e r iv a t iv e s  o f  
CoA and p h o sp h o en o lp y ru v a te ; in h i b i t e d  by c i t r a t e ,  lo n g  c h a in  
CoA d e r iv a t iv e s ,  Ca*+ and Mg ; p o s i t i v e  g lu c o se  r e p r e s s io n  o f  
s y n th e s is .
"‘Enzymes o f  try p to p h a n  b io s y n th e s is  in  fu n g i a r e  d iv id e d  in to  
fo u r  ty p e s  on th e  b a s i s  o f  s e d im e n ta tio n  b eh av io u r on a su c ro s e  
d e n s i ty  g r a d ie n t .
to
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DIVISION EUMYCOTA DIVISION PANTONEMOMYCOTA
F ig . 1 .3 .  P roposed  p h y logeny  o f  th e  f u n g i .  A f te r  K le in  and C ro n q u ia t 
(1967 ) w ith  m o d if ic a t io n .
f
23
th e s e  o rgan ism s e x i s t s  among m y c o lo g is ts . Most w orkers a t t r i b u t e  
in d ep en d en t a l g a l  o r ig in  to  b o th  d iv i s io n s .  Because o f  c e r t a i n  morpho­
lo g i c a l  and b io c h e m ic a l s i m i l a r i t i e s  betw een X anthophyceae and Pantonem o- 
■ m ycota, K le in  and C ro n q u is t (1967) s u g g e s t  a xanthophycean  o r ig in  f o r  
Pantonemomycota (F ig .  1 .3 ) .  A lthough  Oomycetes and H y p h o c h y trid io -  
m ycetes a re  p la c e d  u nder Pantonem om ycota, th e  s p e c i a l  p o s i t i o n  o f  
Oomycetes i s  more a p p a re n t from  cherftica l, m e ta b o lic  and enzym ic d a ta .  
H y phoch trid iom yce tes seem t o  s h a re  f e a tu r e s  o f  b o th  C h y trid io m y ce tes  
and O om ycetes. T h e ir  c e l l  w a ll  c o n ta in s  b o th  c e l lu lo s e  and c h i t i n ,  main 
c e l l  w a ll  com ponents o f  Oomycetes and C h y tr id io m y c e te s ,re s p e c tiv e ly  
( B a r t in ic k i - G a r c ia ,  1970 ). However, because  o f  t h e i r  common ly s in e  b io ­
s y n th e t ic  pathw ay i t  a p p e a rs  more a p p ro p r ia te  a t  t h i s  p o in t  jto  c l a s s i f y  
them w ith  Oomycetes th a n  w ith  C h y tr id io m y c e te s .
The a v a i la b le  b io c h e m ic a l ev id en ce  fa v o u rs  th e  view  t h a t  a l l )  fu n g i 
ex ce p t th e  Pantonemomycota form  a w e ll -d e f in e d  c lo s e ly  r e l a t e d  group o f  
o rg an ism s. B ased on th e  o r g a n iz a t io n a l  com plex ity  o f  t h e i r  t h a l l u s ,  i t  
i s  g e n e ra lly  c o n s id e re d  t h a t  th e  C h y trid io m y ce tes  a re  p r im i t iv e  among 
th e  Eum ycota, and i t  i s  w id e ly  b e l ie v e d  t h a t  h ig h e r  fu n g i a re  d e r iv e d  
from C h y trid io m y c e te s . As in  th e  c a se  o f  Pantonem om ycota, th e r e  i s  
c o n s id e ra b le  d isag reem en t co n ce rn in g  th e  p r o g e n i to r ( s )  o f  C h y tr id io ­
m ycetes. Based on th e  s i m i l a r i t y  in  ly s in e  b io s y n th e t ic  pa thw ay , K le in  
and C ro n q u is t (1967) p r e f e r  an e u g le n o id  o r  p y rro p h y tea n  o r ig in  f o r  
■these o rgan ism s (F ig .  1 .3 ) .  In  c o n t r a s t ,  indep en d en t a l g a l  o r ig in  (p e r ­
haps from  Rhodophyceaq) f o r  v a r io u s  groups o f  Eumycota have been su g -  
' ' ' '  g e s te d . I t  i s  ex p ec ted  t h a t  f u r t h e r  in v e s t ig a t io n s  in  b io c h e m ic a l phy­
logeny  w i l l  shed  m uch-needed l i g h t  on th e  o r ig in s  and r e l a t i o n s h ip s  o f  fu n g i.
)
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CHAPTER I I
t
GRAM-REACTION-DEPENDENT SENSITIVITY OF BACTERIAL RESPIRATION TO7-
CYTOCHALASIN A
A. In tro d u c t io n
S ince th e  d is c o v e ry  o f  th e  c y to c h a la s in s  ap p ro x im a te ly  14 y e a r s  
ago 3 numerous r e p o r t s  co n ce rn in g  th e  b io l o g ic a l  a c t i v i t i e s  o f  th e s e
<j
compounds on e u k a ry o t ic  system s have a p p ea red  in  th e  l i t e r a t u r e .  I n " 
c o n t r a s t ,  v e ry  few  r e p o r t s  co n c e rn in g  t h e i r  b io l o g ic a l  a c t i v i t i e s  on 
p ro k a ry o te s  have been  p u b lis h e d . B e tin a  e t  a l . , (1972) p o in te d  o u t t h a t  
c y to c h a la s in  A (C A ), a p o te n t  th io l - b lo c k in g  r e a g e n t  (H aslam , 1972;
Kuo and Lampen, 1975; Himes and H ouston , 1976; L ag u n o ff, 1976; M anavathu 
and Thomas, 1976; Cunningham e t  a l . , 1 9 7 9 ), i n h i b i t s  grow th o f  th e  
gram p o s i t i v e  B a c i l lu s  s u b t i l i s  and th e  gram n e g a t iv e  E s c h e r ic h ia  c o l i . 
A lthough th e s e  a u th o rs  p o in te d  o u t th e  p o t e n t i a l  b a c t e r i o s t a t i c  p ro p e r ty  
o f  CA, t h e i r  r e p o r t s  made no m ention  o f  th e  u n d e r ly in g  r e a s o n ( s )  f o r  CA 
in h i b i t i o n  o f  b a c t e r i a l  grow th. Cunningham e t  a l . , (1979) e s ta b l i s h e d  
t h a t  CA i s  a p o te n t  i n h i b i t o r  o f  g row th , m e ta b o li te  ( g lu c o s e ,  v a l in e  and
C
.u r id in e )  t r a n s p o r t  and enzyme s e c r e t io n  o f  c e r t a i n  gram p o s i t i v e  o rg an ­
ism s w h ile  th e  gramun e g a tiv e  o rgan ism s th e y  t e s t e d  showed no. su sc e p -
\
t i b i l i t y  to  t h i s  compound. T h e ir  ex p e rim en ts  a l s o  con firm ed  th e  o b s e r ­
v a tio n  o f  B e tin a  e t  a l . , (1972) t h a t  an a lo g u es  o f  C A ^ s u c a s  c y to ch a ­
la s i n s  B (CB) and D (CD) have v e ry  l i t t l e  o r  no e f f e c t  on grow th o f  e i t h e r  
th e  gram p o s i t i v e  o r  th e  gram n e g a tiv e  b a c t e r i a .  Based on t h e i r  o b s e r ­





R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
th e  l e v e l  o f  m e ta b o li te  t r a n s p o r t  and t h a t  i n h i b i t i o n  o f  b a c t e r i a l  
growth i s  due to  i n h i b i t i o n  o f  t r a n s p o r t  o f  e s s e n t i a l  m e ta b o li te s  such 
as  s u g a r ,  amino a c id  and n u c le o s id e .  A lthough th e  e f f e c t iv e n e s s  o f  CA 
a s  an i n h i b i t o r  o f  m e ta b o li te  t r a n s p o r t  in  gram p o s i t i v e  b a c t e r i a  i s  
c o n v in c in g ly  e s ta b l i s h e d  th e  mechanism o f  such  in h i b i t i o n  i s  f a r  from ’^ a 
r e s o lv e d .  C o n sid e rin g  th e  d iv e r s i t y  o f  b a c t e r i a l  t r a n s p o r t  sy stem s ^for
I
even a s in g le  m e ta b o l i te ,  and th e  m u l t i p l i c i t y  o f  t r a n s p o r t  mechanisms 
fo r  e s s e n t i a l  m e ta b o l i te s ,  i t  i s  d i f f i c u l t  to  u n d e rs ta n d  how a s in g le  
m olecu le  such  as  CA co u ld  i n h i b i t  such  a v a r i e ty  o f  p ro c e s s e s  u n le s s  i t  
in h ib i t e d  one o r  more key p h y s io lo g ic a l  f u n c t io n s  common to  a l l  th e  
t r a n s p o r t  p ro c e s s e s .  S in ce  b a c t e r i a  accum ula te  e s s e n t i a l  m e ta b o li te s  
\  such  a s - s u g a r ,  amino a c id  and n u c le o s id e  m ain ly  by a c t iv e  t r a n s p o r t ,  
im pairm ent o f  an energy  y ie ld in g  p ro c e s s  such  as a e ro b ic  r e s p i r a t i o n  
would s e v e re ly  d im in ish  a l l  energy  r e q u i r in g  m e ta b o li te  t r a n s p o r t  in  
s e n s i t iv e  o rg an ism s. With t h i s  p o s s i b i l i t y  in  mind th e  e f f e c t  o f  CA .on 
a e ro b ic  r e s p i r a t i o n  o f  b a c t e r i a  was exam ined.
B. M a te r ia ls  and Methods
1 . Growth o f  o rg an ism s . •
^ A U  b a c t e r i a l  s p e c ie s  used  in  t h i s  s tu d y  were o b ta in e d  from
«
th e  A merican Type C u ltu re  C o l le c t io n .  C u ltu re s  were grown in  pep to n e  
y e a s t  e x t r a c t  g lu co se  (PYG) medium (p e p to n e , 1 g ; y e a s t  e x t r a c t ,  1  g; 
■D -glucose, 3 g j p e r  l i t e r  o f  d i s t i l l e d  w a te r)  a t  room te m p e ra tu re  (un ­
l e s s  o th e rw ise  in d ic a te d )  f o r  16 to  18 h r  on a r e c ip r o c a t in g  sh a k e r  w ith  
g e n t le  a g i t a t i o n  (60  c y c le s /m in ) . J u s t  b e fo re  u s e ,  c e l l s  in  logartgjSjmic
phase  were h a rv e s te d  by c e n t r i f u g a t io n ,  washed 2 tim es  w ith  and r e s u s -
\
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pended in  0 .0 1  M T r is -p h o sp h a te  b u f f e r ,  pH 7 .0 .  The c o n c e n tr a t io n  o f '  
t h e  c e l l  su sp e n s io n  was a d ju s te d  to  o b ta in  an Ag00 o f  0 .2  t o  0 .4 ;  
a p p ro p r ia te  q u a n t i t i e s  o f  th e  su sp e n s io n  were u sed  f o r  v a r io u s  e x p e r i­
m ents .
2 . M easurem ent o f  oxygen consum ption .
The r a t e s  o f  oxjrgen consum ption a t  30°C were m easured p o la ro -  
g ra p h ic a l ly  u s in g  a C la rk  ty p e  oxygen e le c t r o d e  conn ec ted  th ro u g h  an 
ccjygen m o n ito r (Y ellow  S p rin g s  In s tru m e n ts ,  model 53) to  a H eath c h a r t  
r e c o rd e r  (m odel SR-201 A ). The e l e c t r o d e s  were c a l ib r a t e d  w ith  a i r  
s a tu r a t e d  d i s t i l l e d  w a te r  a t  30°C and th e  d is s o lv e d  oxygen c o n te n t  o f  
th e  in c u b a tio n  medium was de term ined  a c c o rd in g  to  Beechey and Ribbons 
(1 9 7 2 ). One ml q u a n t i t i e s  o f  th e  c e l l  su sp e n sio n  were in c u b a te d  in  
2 ml 0 .0 1  M T ris -p h o s p h a te  b u f f e r ,  pH 7 .0 ,  in  a  Yellow S p rin g s I n s t r u ­
m ents in c u b a tio n  cham ber in  a w a te r b a th  a t  30°C f o r  v a r io u s  tim e i n t e r -  
\ a l s .  The su sp e n s io n  was c o n s ta n t ly  s t i r r e d  by a m agnetic  s t i r r e r .
A f t e r  e s t a b l i s h in g  an i n i t i a l  r a t e  o f  oxygen consum ption f o r  3 to  5 
m in u te s ,  i n h i b i t o r s  were added to  th e  in c u b a tio n  chamber u s in g  a m ic ro -  
l i t e r  s y r in g e .  R a tes  o f  oxygen consum ption  (p l/m in )  b e fo re  and a f t e r  
i n h i b i to r  a d d i t io n  were c a lc u la te d  from  th e  c h a r t  re c o rd in g .  P e rc e n ta g e  
in h i b i t i o n  was c a lc u la te d  as  [(Vo -  Vi)/Vq] x 100 where Vo and Vi a re  
th e  av erag e  r a t e s  o f  oxygen consum ption in  th e  absence and in  th e  p r e -  
$ n c e  o f  i n h i b i t o r .
3. R e v e r s ib i l i ty  s t u d i e s .
The r e v e r s i b i l i t y  o f  CA i n h i b i t i o n  o f  r e s p i r a t i o n  in  su scep ­
t i b l e  b a c t e r i a  was exam ined. One ml q u a n t i t i e s  o f  c e l l  su sp e n s io n  were
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p r e t r e a t e d  w ith  4 x 10~^ M CA f o r  5 m in u tes  a t  room te m p e ra tu re ,  washed 
2 t im e s  w ith  5 ml b u f f e r  each  by c e n t r i f u g a t io n ,  re su sp e n d e d  in  1 ml 
b u f f e r  and immediately used  f o r  r e s p i r a t o r y  s t u d i e s .  C o n tro ls  were 
, p r e t r e a t e d  w ith  d im e th y l s u lfo x id e  (DMSO, 1 p e r c e n t ;  v /v ;  see  M a te r ia ls  
and M ethods, item  6) and s u b je c te d  t o  s jg n ila r  w ash in g s.
4 . D e te rm in a tio n  o f  CA p e rm e a b il i ty  in d e x .
In  th e  ab sence  o f  r a d io la b e le d  CA an in d ex  o f  CA p e rm e a b il i ty  
was so u g h t u s in g  th e  perm ean t re a g e n t  N -e th y l  m aleim ide (NEM) to  ' t i t r a t e *  
t h i o l s  n o t  bound by p r e v io u s ly  a p p lie d  CA. C e ll  su sp e n s io n s  in  1 ml 
q u a n t i t i e s  were p r e t r e a t e d  w ith  2 x 10” 4 M CA a t  room te m p e ra tu re  f o r  
1 h r ,  washed and in c u b a te d  w ith  -^C-NEM (2  to  5 x 10 ̂  cpro/ml) f o r  1 h r  
a t  room te m p e ra tu re . S e le c t io n  o f  in c u b a tio n  tim e s  in  CA and NEM was 
b ased  on i n i t i a l  s tu d ie s  o f  tim e s  r e q u ir e d  to  a t t a i n  maximal l e v e l s  
( s e e  C hap ter 3 ) .  C e l ls  were th e n  washed 3 tim e s  w ith  5 ml b u f f e r  each  ' 
and s o lu b i l i z e d  in  1 N NaOH. A liq u o ts  o f  0 .2  ml were removed to  d e t e r ­
mine r a d i o a c t i v i t y  by l i q u id  s c i n t i l l a t i o n  c o u n tin g . P r o te in s  were p r e ­
c i p i t a t e d  w ith  10 p e rc e n t  t r i c h l o r a c e t i c  a c id  and m easured u s in g  th e  
method o f  Lowry e t  a l . , (1 9 5 1 ) . R a d io a c t iv i ty  a s s o c ia te d  w ith  u n i t  p ro ­
t e i n  (cpm/mg p r o te in )  was c a lc u la te d .  The c o n t r o l  was p r e t r e a te d  w ith  
5 p e rc e n t  ( v /v )  DMSO and s u b je c te d  to  i d e n t i c a l  o p e r a t io n s .  The CA p e r ­
m e a b il i ty  in d ex  was c a l c u la te d  as  ►
^C-NEM (cpm )/m g p r o te in  o f  th e  c o n t r o l   .
■^C-NEM (cpm)/mg p r o t e i n  o f  th e  CA p r e t r e a t e d  c e l l s
. 5. P e rm e a b il is a t io n  o f  gram n e g a tiv e  b a c t e r i a .
E s c h e r ic h ia  c o l i  and Pseudomonas a e ru g in o sa  were made CA p e r -
N
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m eab le . by EDTA tr e a tm e n t . . C u ltu re s  were grown a t  room te m p e ra tu re  and 
^ t  43°C f o r  18 and 24 h r , r e s p e c t i v e l y , washed w ith  and re su sp en d ed  in  
b u f f e r ;  5 ml q u a n t i t i e s  o f  c e l l  su sp e n sio n  were t r e a t e d  w ith  20 mM EDTA 
f o r  1 h r  a t  room te m p e ra tu re  and su b se q u e n tly  u sed  f o r  r e s p ir a tq ^ j^ a n d  
CA p e rm e a b i l i ty  s tu d ie s .  The c o n t r o l  was s u b je c te d  to  s im i la r  o p e ra -  
t i o n s  w ith o u t EDTA.
6. C hem icals and r e a g e n ts .
C y to c h a la s in s  (A ld r ic h  Chem ical Company, M ilw aukee, W isconsin) 
w ere  d is s o lv e d  in  DMSO to  o b ta in  a s to c k  s o lu t io n  o f  2 to  4 x 10“ 3 M and
s to r e d  below  -20°C . A l l  o th e r  ch em ica ls  and r e a g e n ts  e x c e p t NEM analogues
✓ ■»
(U n ite d  S ta te s  B iochem ica l C o rp o ra tio n , C le v e lan d , O hio) were p u rch ased
from  Sigma C hem icals ( S t .  L o u is ,  M isso u ri)  and were r e a g e n t  g rad e .
^C-NEM ( s p e c i f i c  a c t i v i t y ,  8 .4  mCi/m mol) was o b ta in e d  from  Amersham
(A rlin g to n  H e ig h ts , I l l i n o i s ) .
C. R e s u lts
1 . R e s p i r a t io n .
A l l  b a c t e r i a l  s p e c ie s  used  in  t h i s  in v e s t ig a t io n  were found to  
have m easu rab le  endogenous r e s p i r a t o r y  r a t e s ;  s u b s t r a t e  r e s e r v e s  were 
s u f f i c i e n t  to  p e rm it a s te a d y  r a t e  o f  oxygen consum ption f o r  a t  l e a s t  30 
m in u te s . S ince  CA i s  known to  i n h i b i t  g lu co se  t r a n s p o r t  in  s e v e r a l  gram 
p o s i t i v e  b a c t e r i a ,  t h i s  in v e s t ig a t io n  i s  r e s t r i c t e d  to  endogenous r e s ­
p i r a t i o n ;  r e s p i r a t o r y  i n h i b i t i o n ,  i f  p r e s e n t ,  i s  n o t  due to  in h i b i t i o n  
o f  s u b s t r a t e  u p ta k e .
A t o t a l  o f  13 b a c t e r i a l  s p e c ie s  (8 gram n e g a t iv e s  and 5 gram p o s i -

















T able 2 .1 .  . CA in h i b i t i o n  o f  endogenous r e s p i r a t i o n  in  b a c t e r i a .
Organism  Gram r e a c t io n R e s p ira to ry  I n h ib i t io n  
a t  4 x 1 0 "5 M GA, %
E s c h e r ic h ia  c o l i - N il
PBeudomonas a e ru g in o sa - N il  ■
Pseudomonas f lu o re s c e n s - N il  ■
E n te ro b a c te r  aero g en es - N il
P ro te u s  v u lg a r i s -  ' N il
S alm onella  typhim urium - N il
S e r r a t i a  m arcescens - N il
K le b s ie l la  pneum oniae - N il
B a c i l lu s  s u b t i l i s + 58
B a c i l lu s  m egaterium + 74
M icrococcus ro se u s + 83
M icrococcus lu te u s + 62








F ig . 2 .1 .  Time c o u rs e  o f  CA i n h i b i t i o n  o f  oxygen consum ption o f  
B a c i l lu s  s u b t i l i s . A c t iv e ly  grow ing c e l l s  w ere washed w ith  and r e s u s -  
pended  in  0 .0 1  M T r is -p h o s p h a te  b u f f e r ,  pH 7 .0 ,  to  o b ta in  an Ag0o 
0 .4 .  One ml q u a n t i ty  o f  c e l l  su sp e n s io n  was u sed  to  m easure oxygen 
consum ption  in  th e  ab sen ce  o f  exogenous g lu c o se  as  d e s c r ib e d  under 
M a te r ia ls  and M ethods. CA (4  x 10” ^M) was added a t  th e  tim e  in d ic a te d  
by th e  arrow . The c o n t r o l  c o n ta in e d  1 p e r c e n t  ( v /v )  DMSO.









F ig . 2 .2 .  Dose re s p o n se  c u rv e  o f  CA i n h i b i t i o n  o f  oxygen consum ption  o f  
B a c i l lu s  s u b t i l i s  in  th e  ab sen ce  o f  exogenous g lu c o s e . P e rc e n ta g e  
i n h i b i t i o n  o f  oxygen consum ption  was c a l c u la te d  as  d e s c r ib e d  under 
M a te r ia ls  and M ethods.
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y
t i v e s )  were used  to  exam ine th e  e f f e c t  o f  CA on endogenous r e s p i r ^ t i o j i .
As shown in  T able 2 .1  a l l  th e  gram n e g a t iv e  o rgan ism s t e s t e d  a re  r e s i s ­
t a n t  t o  CA i n h i b i t i o n  o f 'r e s p i r a t i o n .  In  c o n t r a s t ,  CA a t  4 x 10“  ® M
t
i n h i b i t s  th e  r e s p i r a t i o n  o f  th e  gram p o s i t i v e  b a c t e r i a , B a c i l lu s  sub­
t i l i s  , B. m egaterium , M icrococcus r o s e u s , M. lu te u s  and S tap hy lococcus 
a u re u s  by ap p ro x im a te ly  60 to  80 p e rc e n t  in d i c a t in g  t h a t  b o th  ro d s  and 
c o c c i  a r e  s u s c e p t ib le .  S ince  a l l  gram p o s i t i v e  b a c t e r i a  exam ined a re  
s e n s i t i v e  to  CA i n h i b i t i o n  o f  r e s p i r a t i o n ,  B. s u b t i l i s  i s  ta k e n  a s  a 
r e p r e s e n ta t iv e  f o r  d e t a i l e d  e x p e r im e n ta tio n . As shown in  F ig . 2 .1  CA 
in h i b i t i o n  o f  r e s p i r a t i o n  in  B. s u b t i l i s  i s  r a p id  ( a t t a i n s  a m axim al 
v a lu e  w ith in  5 m in u te s ) . The re sp o n se  i s  p r o g r e s s iv e ly  augm ented w ith  
in c re a s e d  CA c o n c e n tra t io n  (F ig .  2 .2 ) .  In  a t y p i c a l  ex p erim en t CA a t  a 
c o n c e n tra t io n  o f  4 x 10- ^ M i n h i b i t s  oxygen consum ption by ap p ro x im ate ly  
60 p e rc e n t .
f
2 . CA p e rm e a b il i ty  in d e x .
S ince CA i s  cap a b le  o f  a c t in g  as  a t h i o l  re a g e n t th e  key to  i t s  
s e l e c t i v e  a c t io n  may r e s id e  in  i t s  a b i l i t y  to  p erm eate  c e r t a i n  b a c t e r i a l  
c e l l s .  I n t r a c e l l u l a r  CA-would have numerous p o t e n t i a l  s i t e s  o f  a c t io n ,  
presum ably  t h i o l  groups o f  enzymes and o th e r  p r o t e i n s .  S ince r a d io la b e le d  
CA i s  u n a v a i la b le ,  an i n d i r e c t  method (NEM p ro b e ) was developed  to  
e s t im a te  th e  e x te n t  o f  CA p e rm e a tio n  in  v a r io u s  b a c t e r i a .  Based on t h i s  
i n d i r e c t  method CA p e rm e a b il i ty  index  v a lu e s  were de term ined  ( s e e  M ater­
i a l s  and M ethods) f o r  4 gram p o s i t i v e  and 4 gram n e g a tiv e  b a c t e r i a .
T h is  index  depends on th e  assum ption  t h a t  CA does n o t  d im in ish  c e l l u l a r  
p e rm e a b il i ty  to  NEM. Index  v a lu e s  ap p ro ach in g  u n i ty  would in d ic a te  l i t t l e


















T able 2 .2 .  CA p e rm e a b il i ty  to  b a c t e r i a  as  m easured by NEM-probe m ethod.
Organism Gram r e a c t io n P e rm e a b il i ty  index
E s c h e r ic h ia  c o l i • 1 .2 6
Pseudomonas f lu o re s c e n s - 1 .6 2
E n te ro b a c te r  ae ro g en es - 1 .2 1
P ro te u s  v u lg a r i s - 1 .4 6
B a c i l lu s  s u b t i l i s + 5.23
B a c i l lu s  m egaterium + 3 .0 1
M icrococcus lu te u s + 2 .22





o r  no p e r m e a b i l i ty .  High v a lu e s  where CA p re tr e a tm e n t  s t r o n g ly  
su p p re s se s  su b se q u en t NQi b in d in g ,  w ould su g g e s t p e r m e a b i l i ty  to  GA.
As shown in  T ab le  2 .2  s u s c e p t i b i l i t y  t o  CA i n h i b i t i o n  o f  r e s p i r a t i o n  
i s  a s s o c ia te d  w ith  a h ig h  p e rm e a b i l i ty  in d e x . A l l  gram n e g a t iv e  
o rgan ism s which a re  CA r e s i s t a n t  have low p e r m e a b i l i ty ’ in d i c e s .  In  
c o n t r a s t ,  a l l  th e  gram p o s i t i v e  b a c t e r i a  t e s t e d  have p e rm e a b il i ty  in d ex  
v a lu e s  g r e a t e r  th a n  t h a t  o f  th e  gram n e g a t iv e s .  The mean p e rm e a b il i ty  
in d ex  v a lu e  o f  th e  CA s e n s i t i v e  gram p o s i t i v e  o rgan ism s i s  s i g n i f i c a n t l y  
g r e a t e r  th a n  t h a t  o f  th e  r e s i s t a n t  gram n e g a t iv e  o rg an ism s. These 
r e s u l t s  s u g g e s t t h a t  CA p e rm e a tes  in to  s u s c e p t ib le  gram p o s i t i v e  o rgan ­
ism s much more r e a d i ly  th a n  in to  r e s i s t a n t  gram n e g a t iv e  o rg an ism s.
3 . R e v e r s ib i l i t y  o f  CA a c t i o n .
As shown in  F ig . 2 .3  r e v e r s a l  o f  CA i n h i b i t i o n  o f  r e s p i r a t i o n
in  b a c t e r i a  i s  dependen t on th e  o rgan ism  t e s t e d .  In  B. s u b t i l i s  th e  
re sp o n se  i s  t o t a l l y  i r r e v e r s i b l e  ( F ig .  2 .3  A ); how ever, in  o th e r  o rg an ­
ism s su ch  a s  M icrococcus lu te u s  ( F ig .  2 .3  B) and M. ro s e u s  ( d a ta  n o t
shown) i n h i b i t i o n  o f  r e s p i r a t i o n  by CA i s  p a r t i a l l y  o r  t o t a l l y  r e v e r s ib l e
by w ash ing . The re a so n  f o r  such  v a r i a t i o n  in  th e  r e v e r s i b i l i t y  o f  CA 
a c t io n  i s  n o t  u n d e rs to o d . N e v e r th e le s s ,  th e  p ro k a ry o te s  ap p e a r to  r e s -  
pond d i f f e r e n t l y  th a n  th e  e u k a ry o te s  a s  f a r  a s  th e  r e v e r s a l  o f  CA a c t io n  
i s  co n ce rn ed . These o b s e rv a tio n s  a g re e  in  p r in c i p l e  w ith  th e  r e p o r t  o f  
Cunningham e t  a l . , (1979) t h a t  CA t r e a t e d  B a c i l lu s  a m y lo liq u ifa c ie n s  
f a i l e d  to  re c o v e r  from  grow th in h i b i t i o n  by CA w hereas S taphy lococcus 
au reu s  and A r th ro b a c te r  s ia lo p h i lu s  re c o v e re d  from  such  in h i b i t i o n  a f t e r  
a p r o t r a c te d  la g  p e r io d .  They a l s o  d em o n stra ted  t h a t  th e  re c o v e ry  from
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F ig . 2 .3 .  A. Lack o f  r e v e r s i b i l i t y  o f  CA in h i b i t i o n  o f  oxygen 
consum ption o f  B a c i l lu s  s u b t i l i s . B. R e v e r s ib i l i ty  o f  CA 
in h i b i t i o n  o f  oxygen consum ption o f  M icrococcus l u t e u s . A c tiv e ly  
grow ing c e l l s  washed and re su sp en d ed  in  T ris -p h o s p h a te  b u f f e r  
were p r e t r e a t e d  w ith  4 x 10“ ^ M CA f o r  5 min a t  room te m p e ra tu re ,  
washed 2 tim e s  w ith  T r is -p h o s p h a te  b u f f e r  and im m ediate ly  used 
f o r  oxygen consum ption s tu d ie s  as  d e s c r ib e d  in  th e  M a te r ia ls  and 
Methods s e c t io n .




















CA in h i b i t i o n  o f  growth, was n o t  due to  th e  s e l e c t i v e  grow th o f  CA 
r e s i s t a n t  o rg an ism s.
4 . CA a c t io n  in  gram n e g a t iv e  b a c t e r i a .
'The p e rm e a b il i ty  s tu d ie s  i n d i c a te  t h a t  CA p e n e t r a t io n  o f  th e  
c e l l s  may be o f  param ount im p o rtan ce  to  i t s  a c t io n .  Gram p o s i t i v e  
organ ism s w hich a re  perm eable to  CA a r e  s u s c e p t ib le  t o  r e s p i r a t o r y  
i n h i b i t i o n ;  gram n e g a t iv e s  a re  im perm eable and th u s  r e s i s t a n t  to  CA.
I f  p e rm e a b il i ty  i s  e s s e n t i a l  t o  CA a c t io n  in  b a c t e r i a ,  can  r e s i s t a n t  • 
o rgan ism s be re n d e re d  perm eab le  and h e n c e , a c c o rd in g  to  p r e d i c t i o n ,  
s u s c e p t ib le  to  CA? E s c h e r ic h ia  c o l i  and Pseudomonas a e ru g in o sa  were 
p r e t r e a t e d  a t  room te m p e ra tu re  w ith  EDTA, a p ro ced u re  known (L e iv e , 1965) 
to  make c e r t a i n  gram n e g a tiv ^  o rgan ism s perm eable to  s e v e r a l  compounds.
As shown in  T able 2 .3 ,  EDTA tr e a tm e n t  enhanced s u s c e p t i b i l i t y  to  CA 
in h i b i t i o n  o f  r e s p i r a t i o n  o n ly  in  Pseudomonas a e ru g in o sa  to  a l im i te d  
e x te n t .  However, a combined tr e a tm e n t  o f  grow th a t  43°C fo llo w ed  by 
EDTA tre a tm e n t  g r e a t ly  in c re a s e d  CA s u s c e p t i b i l i t y  o f  E s c h e r ic h ia  c o l i  
and Pseudomonas a e ru g in o s a . T his in c re a s e d  s u s c e p t i b i l i t y  i s  accom panied 
by in c re a s e d  CA p e rm e a b il i ty  (T ab le  2 .3 ) .  Growing th e  c e l l s  a t  h ig h  
•tem perature (43°C ) a lo n e  f a i l e d  to  in d u ce  CA s u s c e p t i b i l i t y  in  P . a e ru ­
g in o s a . However, E. c o l i  grown a t  43°C i s  s e n s i t i v e  to  CA in h i b i t i o n  
o f  r e s p i r a t i o n .  On th e  o th e r  h an d , E. c o l i  grown a t  room te m p e ra tu re  and 
t r e a t e d  w ith  EDTA shows v e ry  l i t t l e  s u s c e p t i b i l i t y  to  CA. The re a so n  f o r  
such  d i f f e r e n c e s  i s  n o t  u n d e rs to o d .
S ince  grow th a t  4 3 °C a lo n e  was s u f f i c i e n t  to  induce C A -s u s c e p t ib i l i ty  
in  E. c o l i , e f f e c t  o f  growth te m p e ra tu re  on CA in h i b i t i o n  o f  r e s p i r a t i o n

















T ab le  2 .3 .  E f f e c t  o f  EDTA tr e a tm e n t  on CA in h i b i t i o n  o f  r e s p i r a t i o n  in  
gram n e g a t iv e  b a c t e r i a .
Organism Growth
T em p era tu re , °C
P re tre a tm e n t R e s p ira to ry  
I n h ib i t io n  a t  
. 8 x 10“ SM CA,%
P e rm e a b il i ty
index
E. c o l i Room te m p e ra tu re None
* t 
0 .0 1 .26
EDTA, 20 mM 0 .0 Not "Bested
43 None 2 2 .4 1 .2 0
'
EDTA, 20 mM 66.8 1 .9 1
P . a e ru g in o sa Room te m p e ra tu re None 0 .0 1 .0 2
EDTA, 20 mM 1 2 .5 2 .12
43 None 1 .2 2 .29








9  . £
F ig . 2 .4 .  E f f e c t  of. grow th te m p e ra tu re  on CA i n h i b i t i o n  o f  oxygen 
consum ption  and f a t t y  a c id  co m p o sitio n  o f  E s c h e r ic h ia  c o l i . C u ltu re s  
grown a t  v a r io u s  te m p e ra tu re s  (20°C  to  4 3 °C) were washed and r e -  
Suspehded in  0 .0 1  M T r is -p h o s p h a te  b u f f e r  to  o b ta in  an AgQ0 o f  0 .4 .
One ml q u a n t i t i e s  o f  c e l l  s u sp e n s io n  w ere u sed  to  m easure oxygen 
consum ption . P e rc e n ta g e  i n h i b i t i o n  o f  oxygen consum ption  by CA 
(4 ' x 10“ 5 m) was c a l c u la te d  a s  d e s c r ib e d  u n d er M a te r ia ls  and M ethods. 
A l t e r a t io n  o f  f a t t y  a c id  co m p o sitio n  w ith  te m p e ra tu re  i s  e x p re s s e d  
a s  a r a t i o  o f  u n s a tu r a te d  (h e x a d e c e n o ic  and o c ta d e c e n o ic )  to  s a tu r a t e d  
("p a lm itic )  f a t t y  a c id s  f o r  v a r io u s  grow th te m p e ra tu re s  ( d a ta  r e c a l ­
c u la te d  from  M arr and Ingraham , 1 9 6 2 ). UFSs = u n s a tu r a te d  f a t t y  
a c id s .  SFAs 1 s a tu r a t e d  f a t t y  a c id s .
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was exam ined in  th is .o r g a n is m . F ig . 2 .4  shows t h a t  E. c o l i  grown a t
♦
2 0 °C to  37°C a re  r e s i s t a n t  to  CA a c t io n .  However, when th e  grow th 
te m p era tu re  i s  rA ise d  above 37°C C A -s u s c e p t ib i l i ty  dev e lo p s  a b r u p t ly ;  
and th e  re sp o n se  i s  l i n e a r  w ith  te m p e ra tu re  up to  .43°C ( F ig .  2 . 4 ) ,  th e  
maximum te m p e ra tu re  a t  which s i g n i f i c a n t  grow th o f  t h i s  o rgan ism  i s  
ob serv ed  ( th e  p o s s ib le  r e l a t i o n s h ip  betw een th e  te m p e ra tu re  ind u ced  CA- 
s u s c e p t i b i l i t y 1 and th e  a l t e r a t i o n  o f  f a t t y  a c id  com position  w i l l  be . 
c o n s id e re d  in  th e  D is c u s s io n ) . S ince grow th a t  h ig h  te m p e ra tu re  a lo n e  
f a i l e d  to  in d u c e  C A -s u s c e p t ib i l i ty  in  P . a e ru g in o sa  e f f e c t  o f  grow th 
■temperature on CA in h i b i t i o n  o f  r e s p i r a t i o n  in  t h i s  o rgan ism  was n o t 
in v e s t ig a te d  f u r t h e r .
S. E f f e c ts  o f  p o t e n t i a l  th io l - b lo c k in g  r e a g e n ts  on r e s p i r a t i o n  o f  
• b a c t e r i a .
As shown in  T able 2 .4  th e  perm ean t th io l - b lo c k in g  r e a g e n t  NEM 
i n h i b i t s  r e s p i r a t i o n  in  b o th  th e  gram n e g a t iv e  E. c o l i  and in  th e  gram
A
p o s i t i v e  B. s u b t i l i s . In  a t y p i c a l  ex p erim en t NEM a t  2 x 10 M r e ­
duces oxygen consum ption in  E. c o l i  and in  B. s u b t i l i s  by 57 and 73 p e r -  
• c e n t ,  r e s p e c t iv e ly .  The g r e a t e r  N E M -su sc e p tib il ity  o f  B. s u b t i l i s , as 
compared w ith  E. c o l i  may be due to  th e  g r e a te r  e ase  o f  p e rm e a tio n  o f  
t h i s  compound in  gram p o s i t i v e  o rg an ism s. O th er analo g u es o f  NEM such  
as N -b u ty l m a le im id e , N -iso p ro p y l m a le im id e , N -cy c lo h ex y l m a le im id e , 
N -phenyl m aleim ide and N -benzy l m ale im ide have v a r ia b le  d eg ree s  o f  po­
t e n c y ,. a lth o u g h  some o f  them p o s se ss  some degree  o f  s e l e c t i v i t y  (T ab le  
2 .4 ) .  The i n h i b i to r y  e f f e c t  o f  th e s e  compounds ap p ea rs  to  be dependent 
on th e  n a tu re  and s iz e  o f  th e  a l i p h a t i c  and a ro m a tic  g roups. G e n e ra lly ,
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Table 2 .4 .  Comparison o f  r e s p i r a t o r y  i n h i b i t i o n  o f  a gram n e g a t iv e  v a . a gram p o s i t i v e  
b a c te riu m  by v a r io u s  t h io l - b lo c k in g  r e a g e n ts .
Compound C o n c e n tra tio n , M R e s p ira to ry  i n h i b i t i o n  
E. c o l i  B. s u b t i l i s
S e l e c t i v i t y 3
index
C y to c h a la s in  A 4 x 10“ 5 0 58 1 .0
N -e th y l m aleim ide 2 x 10“ 4 57 73 0 .22
N -lsp p ro p y l m aleim ide 2 x 10"4 35 52 0 .33
N -b u ty l m aleim ide 2 x 10“ 4 37 43 0 .1 4
N -benzy l m aleim ide 2 x 10“ 4 7 31 0 .77
N -cy c lo h ex y l m aleim ide 2 x 1(T4 13 54 0 .76
N -phenyl m aleim ide 2 x 10"4 21 79 0 .73
S e l e c t i v i t y  index  was c a lc u la te d  as (G+ -  G")/G+ where G and G“  a re  r e s p i r a t o r y  in h i b i t i o n
o f  gram p o s i t i v e  and gram n e g a t iv e , r e s p e c t iv e ly .  Compounds w ith  in d ex  v a lu e s  
ap p ro ach in g  u n i ty  a re  c o n s id e re d  to  be more se le c tiv e ^ . • .
CYTOCHALASIN A R = 0
i
CYTOCHALASIN B R = O H , H
F ig . 2 .5 .  The ch em ica l s t r u c t u r e  o f  c y to c h a la s in s  A and B.
\
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th e  d eg ree  o f  p o te n cy  d im in ish ed  as  th e  s i z e  o f  th e  a l i p h a t i c  and 
a ro m a tic  g roups i s  in c re a s e d .  The r e l a t i v e  in e f f e c t iv e n e s s  o f  NEM 
an a lo g u es  w ith  b ig g e r  s id e -g ro u p s  may be r e l a t e d  to  t h e i r  po o r permea­
t i o n .  The d i f f e r e n t i a l  s u s c e p t i b i l i t y  o f  gram p o s i t i v e  and gram n e g a t iv e  
o rgan ism s to  'th e s e  NEM analogues may be due to  th e  p re se n c e  o f  th e  o u te r  
membrane in  th e  w a ll  o f  th e  l a t t e r .  These d a ta  su p p o rt th e  n o tio n  t h a t  
p e rm ea tio n  i s  a key e lem en t in  th e  a c t io n  o f  CA and C A -like a c t in g  com­
pounds in  b a c t e r i a .  When eq u im o la r c o n c e n tr a t io n s  o f  CA and NEM a re  
a p p lie d  CA i s  5 tim e s  more e f f e c t i v e  a s  a r e s p i r a t o r y  i n h i b i t o r  th a n  
NEM. M oreover, a s  shown in  T able 2 .4  CA i s  more s e l e c t i v e  a s  a r e s ­
p i r a to r y  i n h i b i t o r  in  b a c t e r i a  th a n  th e  o th e r  th io l - b lo c k in g  r e a g e n ts  
t e s t e d .  The o b s e rv a tio n  o f  g r e a te r  p o ten cy  o f  CA th a n  NEM i s  co m p atib le  
w ith  th e  r e p o r t  o f  Cunningham e t  a l . , (1979) t h a t  CA i s  much more e f f e c ­
t i v e  th a n  NEM in  b a c t e r i a l  grow th i n h i b i t i o n .
D* D isc u ss io n
The s e l e c t i v e  a c t io n  o f  CA as a r e s p i r a to r y  i n h i b i t o r  in  b a c t e r i a  
i s  a n o v e l b io l o g ic a l  a c t i v i t y  o f  t h i s  compound. In  o rd e r  t o  u n d e rs tan d  
th e  mechanism o f  CA in h i b i t i o n  o f  r e s p i r a t i o n  a knowledge o f  i t s  p e r ­
m e a b il i ty  p r o p e r t i e s  i s  ex trem ely  im p o rta n t . S ince r a d io la b e le d  CA 
i s  u n a v a i la b le  a t  p r e s e n t ,  p ro p e r  a n a ly s i s  o f  CA p erm ea tio n  to  b a c t e r i a l  
c e l l s  becomes d i f f i c u l t .  N e v e r th e le s s ,  b e in g  a hydrophob ic  m olecu le  CA
i s  l i k e l y  to  have an a f f i n i t y  f o r  th e  l i p i d  e lem en t o f  th e  cy to p la sm ic
•^1
membrane. Among th e  a e ro b ic  b a c t e r i a  th e  r e s p i r a to r y  e l e c t r o n  t r a n s p o r t  
sy s te m , w hich c o n s i s t s  o f  a la rg e  number o f  e le c t r o n  c a r r i e r s  and d is ­
t i n c t  enzym es, i s  in c o rp o ra te d  in to  th e  cy to p lasm ic  membrane and p h y s-
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i c a l l y  a s s o c ia te d  w ith  a  r i g i d  m a tr ix  h a v in g  a  h ig h  l i p i d  c o n te n t .
Such a l i p i d  r i c h ,  hydrophob ic  m icroenv ironm en t may be an i d e a l  lo c a ­
t i o n  f o r  CA a c t io n .  The p e rm e a b il i ty  s tu d ie s  o f  CA su p p o r t t h i s  n o tio n  
t h a t  p e n e t r a t io n  i s  e s s e n t i a l  f o r  i t s  a c t io n  in  b a c t e r i a . - S u s c e p t ib i­
l i t y  to  CA in h i b i t i o n  o f  r e s p i r a t i o n  i s  c o r r e l a t e d  w ith  h ig h  perm ea­
b i l i t y -  in d ex  v a lu e s .  No e x p e r im e n ta l ev id en ce  in  su p p o rt o f  a s e l e c -  w 
t i v e  a c t io n  o f  CA i n t r a c e l l u l a r l y  i s  a v a i la b le  a t  p r e s e n t .  B eing a 
- th io l - b lo c k in g  r e a g e n t  CA co u ld  i n h i b i t  one o r  more o f  th e  t h i o l  
d ependen t r e a c t io n s  o f  th e  r e s p i r a t o r y  pathw ay s u g g e s tin g  m u l t ip le  
p o s s ib le  lo c a t io n s  f o r  i t s  a c t io n .  Once i t  p e n e t r a te s  th e  c e l l  CA may 
be a b le  to  in a c t iv a t e  any o r  a l l  t h io l - b lo c k in g  r e a g e n t  s e n s i t i v e  s y s ­
tem s, p ro v id e d  t h a t  th e  s i t e s  a re  a c c e s s ib le  to  CA. However, th e  f a c t  
t h a t  CA i s  5 tim e s  more p o te n t  in  b a c t e r i a  th a n  th e  p e n e t r a t in g  t h i o l -  
b lo c k e r  NEM c a s t s  doubt on th e  p ro s p e c t  o f  a n o n - s p e c if ic  CA a c t io n .
Not o n ly  i s  CA more p o te n t  th a n  any th io l - b lo c k in g  r e a g e n t  t e s t e d ,  in ­
c lu d in g  th e  h ig h ly  perm eant NEM, b u t  i t  i s  more s e le c t iv e  in  d is c r im in a ­
t i n g  betw een gram p o s i t i v e  and gram n e g a t iv e  b a c t e r i a .  These o b s e r -
*
■vations a rg u e  a g a in s t  CA a c t io n  d e te rm in ed  s o le ly  by p e rm e a tio n , fo llo w ed
\
by n o n - s p e c if ic  a c t io n  as a th io l - b lo c k in g  r e a g e n t .  A lthough th e  e v i ­
dence i s  c i r c u m s ta n t i a l ,  t h i y  in c re a s e d  p o ten cy  o f  CA as  a r e s p i r a t o r y  
^ in h ib i to r  in d i c a te s  t h a t  t h i s  compound may be a c t in g  w ith  some d eg ree  
o f  s e l e c t i v i t y  and n o t as a group s p e c i f i c  g e n e ra l  th io l - b lo c k in g  r e a g e n t .
A lthough s e v e r a l  c y tp c h a la s in s  have a wide ran g e  o f  e f f e c t s  on 
e u k a ry o t ic  c e l l u l a r  a c t i v i t i e s ,  in  b a c t e r i a  o n ly  CA i n h i b i t s  g row th , 
m e ta b o li te  t r a n s p o r t ,  enzyme s e c r e t io n  and r e s p i r a t i o n .  O ther c y to c h a la -
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
45
s in s  t e s t e d  (CB, CD and.GE) have l i t t l e  o r  no a d v e rse  e f f e c t  on bac­
t e r i a l  grow th o r  any o f  th e  p h y s io lo g ic a l  p ro c e s s e s  m entioned  above.
The e f f e c t iv e n e s s  o f  CA a g a in s t  b a c t e r i a  seems to  be r e l a t e d  to  i t s  
c a p a c i ty  t o  a c t  a s  a th io l - b lo c k in g  r e a g e n t .  S e v e ra l a u th o rs  (L a g u n o ff , 
1976; Himes and H ouston , 1976; Cunningham e t  a l . , 1979) have su g g e s te d  
t h a t  CA i s  a s t r o n g e r  th io l - b lo c k in g  r e a g e n t  th a n  i t s  m ost commonly 
s tu d ie d  a n a lo g u e , CB. A com parison  o f  th e  ch em ica l s t r u c t u r e s  o f  CA 
aid CB (F ig .  2 .5 )  r e v e a ls  t h a t  th e y  a re  a lm o s t i d e n t i c a l  e x c e p t a t  
p o s i t io n  C-20 where th e  h y d ro x y l f u n c t io n  o f  CB i s  o x id iz e d  to  a c a r ­
b ony l in  CA fo rm in g  a c o n ju g a te d  system-C-CH=CH-C- w ith  carbon  21 and'
0 .0 .
22 o f  th e  l a c to n e . T h is  a lp h a -b e ta -u n s a tu r a te d  ketone o f  CA would be 
h ig h ly  a c t iv e  in  a lk y la t i o n  r e a c t io n s  by a d d i t io n  a c ro s s  th e  double 
bond. On th e  o th e r  h an d , th e  co rre sp o n d in g  a l l y l i e  a lc o h o l group o f  CB 
i s  a po o r a lk y la t i n g  a g e n t .  T o g e th e r , th e  f a c t  t h a t  t h i o l s  added sim ­
u lta n e o u s ly  w ith  CA can  p re v e n t CA re s p o n s e s ,  t h a t  CA b in d s  to  t h i o l  
groups o f  p r o te in s  in  v i t r o  and t h a t  o th e r  th io l - b lo c k in g  r e a g e n ts  can 
mimic c e r t a i n  CA re s p o n s e s ,  in c lu d in g  in h i b i t i o n  o f  r e s p i r a t i o n ,  in d i ­
c a te s  t h a t  CA can b lo c k  s u lf h y d r y l  g roups. These o b s e rv a tio n s  su g g e s t 
t h a t  th e  c a p a c ity  o f  CA to  a c t  a s  a th io l - b lo c k e r  may be th e  u n d e r ly in g  
re a so n  f o r  i t s  b a c t e r i o s t a t i c  p ro p e r ty .
An im p o rta n t a s p e c t  o f  CA in h i b i t i o n  o f  r e s p i r a t i o n  in  b a c t e r i a  i s  
i t s  s e l e c t i v e  a c t io n  a g a in s t  gram p o s i t i v e  o rgan ism s. Glycogen o r  
p o ly -b e ta -h y d ro x y b u ty ra te  i s  th e  endogenous r e s p i r a t o r y  m a te r ia l  in  
gram p o s i t i v e  and gram n e g a t iv e  o rg an ism s. Members o f  b o th  g roups 
o x id iz e  th e s e  r e s e rv e  f u e l s  v ia  s im i la r  pathw ays. Thus a d i f f e r e n c e  in
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.th e  d e g ra d a tio n  o f  endogenous r e s p i r a t o r y  m a te r ia l  may n o t  be th e  
re a so n  f o r  th e  s e l e c t i v e  CA a c t io n  in  gram p o s i t i v e  o rg an ism s. On th e  
o th e r  h an d , s t r i k i n g  s t r u c t u r a l  v a r i a t io n s  o f  c e l l  w a ll  o rg a n iz a tio n  
in  gram p o s i t i v e  and gram n e g a t iv e  b a c t e r i a  h a s  been docum ented. For 
ex am p le , th e  gram n e g a t iv e  o rgan ism s p o s se s s  an ' o u te r  membrane1 com- 
p s e d  o f  l i p i d s ,  p r o te in s  and l ip o p o ly s a c c h a r id e s  in  a d d i t io n  to  th e  
cy to p lasm ic  membrane. Such a s t r u c t u r e  i s  a b s e n t in  gram p o s i t i v e  
o rg an ism s. The p re se n c e  o f  an o u te r  membrane t h a t  a c t s  a s  a p e rm e a b il i ty  
b a r r i e r  r e s t r i c t s  th e  a c c e s s i b i l i t y  o f  many m o lecu le s  to  th e  in n e r  c y to ­
p la sm ic  membrane. Gram p o s i t i v e  o rg an ism s, la c k in g  th e  e x t r a  perm ea­
b i l i t y  b a r r i e r ,  a re  s u s c e p t ib le  to  m o lecu le s  to  which th e  gram n e g a t iv e  
o rgan ism s a re  r e s i s t a n t .  In  l i g h t  o f  th e  ev id en ce  o f  r e s i s t a n c e  b ased  
on la c k  o f  p e rm e a b il i ty  o f  gram n e g a t iv e  b a c t e r i a  to  s e v e r a l  d rugs  such  
as p e n i c i l l i n  and ac tin o m y c in  D, i t  i s  r e a s o n a b le  to  assume t h a t  th e  la c k  
cf CA a c t io n  may a ls o  be due to  i t s  la c k  o f  p e rm e a tio n . The f a c t  t h a t  
EDTA t r e a t e d  gram n e g a tiv e  c e l l s  a re  s u s c e p t ib le  to  CA in h i b i t i o n  of) 
r e s p i r a t i o n  co n c o m ita n tly  w ith  in c re a s e d  CA p e rm e a b il i ty  in d ic a te s  th e  
e s s e n t i a l i t y  o f  p e rm e a tio n  f o r  i t s  a c t io n .  A lthough  EDTA tre a tm e n t 
cou ld  make b o th  th e  c y to p la sm ic  and th e  o u te r  membranes ' l e a k y ', ,  i t s  
t f f e c t  i s  more pronounced on th e  o u te r  membrane due to  th e  abundan t 
o ccu rren c e  o f  l ip o p o ly s a c c h a r id e , th e  presum ed t a r g e t  o f  EDTA a c t io n .
So th e  s e le c t iv e  a c t io n  o f  CA a g a in s t  gram p o s i t i v e  o rgan ism s i s ,  a t  
l e a s t  in  p a r t ,  due to  th e  p re se n c e -jo f  th e  a d d i t io n a l  p e rm e a b il i ty  b a r r i e r  
o f  th e  o u te r  membrane. Growth te m p e ra tu re  may have p ro found  in f lu e n c e  
on th e  s t r u c t u r e  and fu n c t io n  o f  b io lo g ic a l  membranes. In  E. c o l i  as 
th e  te m p e ra tu re  o f  growth i s  low ered  th e  p ro p o r tio n  o f  u n s a tu ra te d  f a t t y  
a c id s  in c re a s e s  (M arr and Ingraham , 1962 ). So th e  r a t i o s  o f  u n s a tu ra te d
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to  s a tu r a t e d  f a t t y  a c id s  s e r v e 'a s  u s e f u l  in d ic e s  o f  th e  s h i f t  in  
f a t t y  a c id  com po sitio n  o f  c e l l s .  A l te r a t io n  o f  l i p i d  co m p o sitio n  
o f  th e  membrane may a f f e c t  i t s  p e rm e a b il i ty  to  a l ip o p h y l ic  m olecu le  
such  a s  CA. In  c e l l s  grown a t  20°C to  37°C, GA f a i l s  to  i n h i b i t  r e s ­
p i r a t i o n ;  when th e  grow th te m p e ra tu re  i s  in c re a s e d  above 3 7 °C GA s u s ­
c e p t i b i l i t y  in c re a s e s  d ra m a t ic a l ly .  T h is in c re a s e  in  te m p e ra tu re -  
induced  CA s u s c e p t i b i l i t y  i s  w e ll  c o r r e l a te d  w ith  a sudden d e c re a se  o f  
th e  r a t i o  o f  u n sa tu ^ a te d  to  s a tu r a t e d  f a t t y  a c id s  (F ig .  2 .4 ) .  Thus i t  
ap p ea rs  t h a t  th e  p ro p o r t io n  o f  th e  u n s a tu ra te d  f a t t y  a c id s  o f  th e  E. 
c o l i  membrane i s  im p o rta n t to  i t s  r e s i s t a n c e  to  GA in h i b i t i o n  o f  r e s ­
p i r a t i o n .  The d i f f i c u l t y  w ith  t h i s  i n t e r p r e t a t i o n  i s  t h a t  th e  su sc ep ­
t i b i l i t y  o f  E. c o l i  to  CA f a i l s  to  in c re a s e  w ith  th e  te m p e ra tu re  w ith in  
20°C to  37°Gj a lth o u g h  th e  r a t i o  o f  u n s a tu ra te d  t o  s a tu r a t e d  f a t t y  a c id s  
d ro p s  s l i g h t l y  w ith in  th e  same te m p e ra tu re  ra n g e . Only a t  a ’c r i t i c a l  
te m p e ra tu re ’, above th e  optimum te m p e ra tu re  o f  grow th (37°C) th e  tem­
p e ra tu re - in d u c e d  s u s c e p t i b i l i t y  to  CA become a p p a re n t w ith  a sudden 
drop in  th e  p ro p o r tio n  o f  u n s a tu ra te d  f a t t y  a c id s .  T h is o b s e rv a tio n  
may p ro v id e  an a d d i t io n a l  c lu e  a s  to  th e  CA s u s c e p t i b i l i t y  o f  gram p o s i ­
t i v e  o rg an ism s. Under norm al grow th te m p e ra tu re  reg im es gram p o s i t i v e  
o rgan ism s such  a s  B. s u b t i l i s  have very  l i t t l e  u n s a tu ra te d  f a t t y  a c id s  
in  t h e i r  m embranes‘(K aneda, 1 9 6 7 ). So th e  r a t i o  o f  u n s a tu r a te d ; to  s a tu r ­
a te d  f a t t y  a c id s  w i l l  be v e ry  low , an i d e a l  env ironm ent f o r  CA a c t io n .  
A lthough th e  te m p e ra tu re  in d u ced  CA s u s c e p t i b i l i t y  o f  th e  gram n e g a tiv e  
E. c o l i  may be r e l a t e d  to  th e  change in  f a t t y  a c id  co m p o sitio n  o f  th e  
membrane, th e  p o s s i b i l i t y  t h a t  a change in  membrane p r o te in s  may be r e s ­
p o n s ib le  f o r  such  ap e f f e c t  i s  n o t p re c lu d e d .
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SELECTIVITY OF CYTOCHALASIN A INHIBITION OF RESPIRATION IN FUNGI
A. I n t r o d u c t io n .
In  c o n t r a s t  to  th e  hund reds o f  p u b lis h e d  r e p o r t s  on th e  r e s ­
p onses o f  an im a l c e l l s  and t i s s u e s  to  c y to c h a la s in s ,  o n ly  v e ry  few 
p a p e rs  c o n c e rn in g  th e ^ e f f e c t s  o f  th e s e  compounds on fu n g i have 
ap p ea red  in  th e  l i t e r a t u r e  so f a r .  A lthough i t  was th e  p h y s io lo g ic a l  
re sp o n se s  o f  fu n g i t h a t  f i r s t  a t t r a c t e d  th e  a t t e n t i o n  o f  C a r te r  (1967) 
to  th e  b io l o g ic a l  a c t i v i t y  o f  c y to c h a la s in s ,  th e  more s p e c ta c u la r  
re sp o n se s  o f  an im a l ( p a r t i c u l a r l y  mammalian) c e l l s  have s h i f t e d  th e  
fo cu s  away from  fu n g i.  P e rh a p s , more im p o r ta n tly  th e  la c k  o f  r e s ­
ponse o f  many fu n g i to  CB, th e  m ost w idely  used  c y to c h a la s in  in  an im al 
work, may have  been  a re a s o n ^ fo r  th e  l im i te d  r e s e a r c h  i n t e r e s t  on th e  
e f f e c t  o f  th e s e  compounds on fu n g i.
In  s u s c e p t ib le  o rganism s CB a c t s  p r im a r i ly  as  a m orphogenic a g e n t, 
o f te n  w ith o u t a f f e c t in g  grow th. Examples o f  CB induced  m orphogenetic  
changes in  fu n g i in c lu d e  an a p p a re n t in c re a s e  in  b ra n c h in g  freq u en cy  o r  
h y p e r ra m if ic a t io n  and th e  ap p ea ran ce  o f  d is o rg a n iz e d  h y p h a l a p ic e s  
fo rm ing  s p a tu l a t e  and o c c a s io n a l ly  fo rk e d  t i p s  ( O l iv e r ,  1973; L a rp e n t, 
1974; P a tto n  and M archan t, 1 975 ). Where CB i s  shown to  su p p re ss  growth 
( a s  d e te rm in ed  by m easuring  co lony  d ia m e te r ) ,  th e  re sp o n se  i s  n o t accom­
p a n ie d  by changes in  o th e r  p a ra m e te rs  such  as  p r o t e i n ,  RNAjor DNA syn­
t h e s i s .  So th e  p ro d u c tio n  o f  s h o r t e r ,  t h i c k e r  hyphae in  th e  p re se n c e  
o f  CB may be due to  m orphogenetic  changes w ith o u t o v e r a l l  grow th in h i ­
b i t i o n .
48
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A lthough CB f a i l e d  to  e l i c i t  d e te c ta b le  p h y s io lo g ic a l  changes 
in  s u s c e p t ib le  o rg a n is m s ,•CA, a p o te n t  th io l - b lo c k in g  a g e n t ,  p o s s e s s e s  
f u n g i s t a t i c  o r  f u n g ic id a l  p r o p e r t i e s  in  a d d i t io n  to  m orphogene tic  
e f f e c t i v e n e s s .  In  1972 B e t i n a 'e t  a l .  had  p o in te d  o u t t h a t  CA in h i ­
b i t s  grow th o f  f i la m e n to u s  and n o n -f ila m e n to u s  f u n g i .  T h e ir  r e p o r t  
c o n ta in e d  no e x p la n a tio n  f o r  such  grow th i n h i b i t i o n .  However, Kuo and 
Lampen (1975) su g g e s te d  t h a t  th e  grow th in h i b i t i o n  o f  th e  y e a s t  S acch a ro - 
myces c e r e v is ia e  ( s t r a i n  H 1016) by CA i s  due to  i n h i b i t i o n  o f  su g a r  
t r a n s p o r t  w hich in  tu r n  i s  caused  by th e  i n h i b i t i o n  o f  membrane bound 
ATPase, p e rh ap s  by i n t e r f e r i n g  w i th ' e s s e n t i a l  t h i o l  g ro u p s. S ince CA 
i s  a p o te n t  th io l - b lo c k in g  a g en t in  s e v e r a l  sy s te m s , in c lu d in g  fu n g i 
(Kuo and Lampen, 1975; M anavathu and Thomas, 1 9 7 6 ), and many p o t e n t i a l  
th i o l - b lo c k in g  r e a g e n ts  a re  r e s p i r a t o r y  i n h i b i t o r s ,  th e  e f f e c t  o f  t h i s  
compound on r e s p i r a t i o n  o f  s e le c te d  fu n g i from  v a r io u s  p h y lo g e n e tic
s
groups was exam ined.
B. M a te r ia ls  and Methods
1. Sources o f  o rg a n ism s .
A ll  o rgan ism s used  in  t h i s  in v e s t ig a t io n  ex c e p t A chlya m ucro- 
n a t a ,  A. f l a g e l l a t a , S a p ro le g n ia  s p % (D r. W.E. T im b e rla k e ) , S a p ro le g n ia  
f e r a x  (D r. I .B .  H e a th ) , ' Pythium  debaryanum (D r. W.G. B e n e d ic t)  and 
G eotrichum  sp . (D r. D.A. C o tte r )  were o b ta in e d  from  th e  Am erican Type 
C u ltu re  C o lle c t io n .  A garicu s  b is p o ra  sp o ro c a rp s  were p u rch ased  l o c a l l y .
- 2 . Growth o r  o rg a n ism s .
U n less  o th e rw ise  in d ic a te d  a l l  fu n g a l  c u l tu r e s  e x c e p t A garicu s  
b is p o ra  were, grown in  p ep to n e  y e a s t  e x t r a c t  g lu c o se  (PYG) medium
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(p e p to n e , 1 g; y e a s t  e x t r a c t ,  1 g ; D -g lu co se , 3 g; p e r  l i t e r  o f  d i s ­
t i l l e d  w a te r)  a t  room te m p e ra tu re  f o r  24 to  48 h r  on a r e c ip r o c a t in g  
sh a k e r (60  c y c le s /m in ) .  F ilam en to u s form s were h a rv e s te d  by f i l ­
t r a t i o n  and washed w ith  0 .0 1  M T ris -p h o s p h a te  b u f f e r ,  pH 7 .0 .  App- 
ro x im a te ly  0 .25  g (w e t w eig h t) q u a n t i t i e s  o f  m y c e lia  were u s e d .fo r  
r e s p i r a t o r y  s tu d ie s .  N o n -filam en to u s  form s were h a rv e s te d  by c e n t r i ­
f u g a t i o n ,  washed w ith  and re su sp en d ed  in  b u f f e r .  One ml a l iq u o ts  o f  
a e l l  su sp e n s io n  were u se d . The p i l e u s  o f  A g aricu s  b is p o ra  was s l i c e d  
in to  t h i n  s e c t io n s  (a p p ro x im a te ly  2 x 1 x 1  mm), washed and 0 .2 5  g 
q i a n t i t i e s  were used .
3. M easurem ent o f  oxygen consum ption .
The r a t e s  o f  oxygen consum ption a t  30°C were m easured p o l 'a ro -
g r a p h ic a l ly  u s in g  a C la rk  ty p e  oxygen e le c t r o d e  as  d e s c r ib e d  e lsew h ere
( C hapter I I ) . V arious t e s t  m a te r ia ls  in  q u a n t i t i e s  s t a t e d  above were
in c u b a te d  in  3 ml T r is -p h o s p h a te  b u f f e r  in  a Yellow  S p rin g s  In s tru m e n ts
in c u b a tio n  chamber in  a w a te r b a th  a t  30°C f o r  v a r io u s  tim e i n t e r v a l s .
The su sp e n sio n  was c o n s ta n t ly  s t i r r e d  by a m ag n e tic  s t i r r e r .  CA was
added to  th e  in c u b a tio n  chamber a f t e r  '3 to  5 m in u tes  u s in g  a m i c r o l i t e r  
• >
g  s y r in g e .  The r a t e s  o f  oxygen consum ption (p l/m in )  b e fo re  and a f t e r  CA
a d d i t io n  were c a lc u la te d  from  th e  c h a r t  r e c o rd in g .  P e rc e n ta g e  in h i b i t i o n  
vas c a lc u la te d  as  d e s c r ib e d  in  C hap ter I I .  ^
4 . D e te rm in a tio n  o f  p e rm e a b il i ty  in d e x .
CA p e rm e a b il i ty  in  v a r io u s  fu n g i was d e te rm in ed  u s in g  th e
perm eant r e a g e n t  NEM as  d e s c r ib e d  e lsew h ere  (C h a p te r  I I ) .  M ycelia ( F i l a ^ - ^  
m entous form s) in  0 .2 5  g (w et w e ig h t)  q u a n t i t i e s  o r  c e l l  su sp e n sio n s
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( n o n -f ila m e n to u s  form a) in  1 m l q u a n t i t i e s  were p r e t r e a te d  w ith
—4 't 2  x  10 M GA a t  room te m p e ra tu re  f o r  1 h r ,  washed and in c u b a te d  w ith
^C-NEH (2  to  5 'x 10 5 cpm/ml) f o r  1 h r  a t  room te m p e ra tu re . The
organism s were th e n  washed and hom ogenized (w here a p p l ic a b le )  in  1 N
NaOH. A liq u o ts  o f  0 . 2 'm l w ere rem oved to  d e term ine  th e  r a d i o a c t i v i t y  -
*
by l i q u i d  s c i n t i l l a t i o n  c o u n tin g . The CA p e rm e a b il i ty  in d e x  was c a l ­
c u la te d  a s  d e s c r ib e d  in  C h a p t e r 'l l .
The amount o f  CA a s s o c ia te d  w ith  v a r io u s  f r a c t i o n s  o f  Achlya
a m b ise x u a lis  m y ce lia  was e s t im a te d  u s in g  th e  NEM p^obe m ethod. One
■ s
day o ld  m y c e lia  in  0 .25  g q u a n t i t i e s  were p r e t r e a te d  w ith  2 x lO- ^  M 
CA in  0 .0 1  M T ris -p h o s p h a te  b u f f e r  f o r  1 h r  a t  room te m p e ra tu re ,  washed 
2 tim es  w ith  b u f f e r  and in c u b a te d  in  b u f f e r  c o n ta in in g  ^C-NEM (38610 
cpm/ml) f o r  1 h r .  t The m y ce lia  were th e n  w ashed, hom ogenized in  1  N 
N a0 H \n d  f r a c t io n a t e d  in to  2000 xg p e l l e t  ( ’w a ll  f r a c t i o n ’ ) and a su p e r­
n a t a n t ,  which was t r e a t e d  w ith  10 p e rc e n t  t r i c h lo r o a c e t ic ,a c id  (TCA) to  
y ie ld  T C A -inso lub le  and TCA -soluble f r a c t i o n s .  T o ta l  r a d i o a c t i v i t y  
a s s o c ia te d  w ith  each  f r a c t i o n  was c a l c u la te d .  The c o n t r o l  was p r e t r e a te d  
w ith  EMS0 (5  p e r c e n t ;  v /v )  and s u b je c te d  to  i d e n t i c a l  o p e r a t io n s .  The
amount o f  CA a s s o c ia te d  w ith  each f r a c t i o n  i s  e s t im a te d  as
>
NEMq^ where CAa=CA a s s o c ia te d  w ith  each  f r a c t i o n ;  NEM^on1:=^4C-NEM (cpm) 
a s s o c ia te d  w ith  each f r a c t i o n  o f  th e  c o n t r o l  m y c e lia ; NEMq̂ =^4C-NEM (cpm) 
a s s o c ia te d  w ith  each  f r a c t i o n  o f  th e  CA p r e t r e a te d  m y c e lia .
i.
C." R e s u lts
1 . R e s p ira to ry  i n h i b i t i o n .
Twenty-two fu n g i r e p r e s e n t in g  6 m ajor taxonom ic g roups were


















T able 3 .1 .  GA i n h i b i t i o n  o f  r e s p i r a t i o n  in  v a r io u s  fu n g i.
C la ss Organism R e s p ira to ry  in h i b i t i o n  
a t  4 x 10~5 M CA,%
Oomycetes A chlya a m b ise x u a lis 63
A. m ucronata •82
A. f l a g e l l a t a '78
S a p ro le g n ia  sp . 66
S. f e ra x ‘ 68
Pythium  debaryanum 56
Aphanomyces c o c h lio d e s 70
A. e u te ic h e s 45
C h y trid io m y c e tea Allom yce8 a rb u sc u la 70
♦ B la s t o c la d i e l l a  'e m e rso n ii ' 2 5
Zygom ycetes R hizopus s t o l o n i f e r N il
Mucor h ie m a lis N il.
Phycomyces b la k e 's leean u s N il
A scom ycetes Saccharom yces c e r e v is ia e 5 . '
D ipodascus u n in u c le a tu s ,  N il
Candida a lb ic a n s N il  •
S o rd a r ia  f im ic o la N il
D euterom ycetes G eotrichum  sp . N il
A s p e rg i l lu s  n ig e r N il
P e n ic i l l iu m  thom i N il
B asid io m y ce tes Scbizophyllum  commune N il
•




used  to  exam ine GA in h i b i t i o n  o f  r e s p i r a t i o n .  As shown in  T able 3 .1  
among th e  6 taxonom ic groups exam ined o n ly  members o f  th e  c l a s s e s  
Oomycetes and C h y trid io m y ce tes  w ere s e n s i t i v e  to  GA i n h i b i t i o n  o f  
r e s p i r a t i o n .  ' GA a t  a c o n c e n tra t io n  o f  4 x 10 M f a i l e d  to  i n h i b i t  
r e s p i r a t i o n  i n  o th e r  c l a s s e s .  Among th e " s e n s i t iv e  o rgan ism s th e  range  
o f  i n h i b i t i o n  v a r ie d  from 25 p e rc e n t  ( B l a s t o c l a d i e l l a  e m e rso n ii) to  
82 p e r c e n t  ( A chlya m ucrona ta) . DMSO a t  a c o n c e n tra t io n  o f  1 p e rc e n t  
( v /v )  had no e f f e c t  on th e  r e s p i r a t i o n  o f  C A -se n s itiv e  o rg an ism s.
2 . GA p e rm e a b il i ty  in d e x .
S ince  an i n d i r e c t  p ro ced u re  was u sed ^ to  e s t im a te  p e rm e a b il i ty
o f  v a r io u s  fu n g i to  CA, c e r t a in  p a ra m e te rs  t h a t  may a f f e c t  th e  v a l i d i t y
«»
o f  t h i s  p ro c e d u re  were t e s t e d .  The m ost im p o r ta n t p a ra m e te rs  t h a t  may 
a f f e c t  th e  p ro c e d u re  a re  th e  d u ra t io n  o f  in c u b a tio n  in  'GA and in  NEM 
( t o  o b ta in  maximum p e rm e a tio n  o f  th e  r e a g e n t s ) , and th e  e f f e c t  o f  su c ­
c e s s iv e  w ashing  on perm eated  NEM. A chlya A m bisexualis  was s e le c te d  as
»■ . T~a model, in  e s t a b l i s h in g  th e  p ro c e d u re . Under tjhe e x p e r im e n ta l c o n d it io n s  
u se d , 1 h r  in c u b a t io n  a t  room te m p e ra tu re  p ro v id e d  maximum p e rm e a b il i ty  
o f  b o th  CA and NEM to  A chlya a m b ise x u a lis  m y ce lia  (F ig s .  3 .1  and 3 .2 ) .  
T h e re fo re , f o r  a l l  su b seq u en t p e rm e a b il i ty  d e te rm in a tio n s  1 h r  in cu b a­
t i o n s  in  CA and in  NEM were u sed . As shown in  F ig . 3 .3  s im p le  s u c c e s s iv e
Q 1
w ashes f a i l e d  to- remove s i g n i f i c a n t  q u a n t i t i e s  o f  NEM a s s o c ia te d  w ith  * 
A chlya a m b is e x u a lis  m y c e lia . These r e s u l t s  in d ic a te  t h a t  an e s tim a te  
o f  CA p e rm e a b i l i ty  to  v a r io u s  fu n g i can be o b ta in e d  u s in g  th e  NEM probe- 
m ethod.
i
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F ig . 3 .1 .  K in e t ic s  o f  GA p e rm e a tio n  o f  A ch lya. am b ise x u a lis  m y c e lia .
The amount o f  CA p erm eated  was e s t im a te d  u s in g  th e  NEM pro b e  
m ethod. A c tiv e ly  grow ing m y ce lia  (24  h r  o ld )  in  € .2 5  g q u a n t i t i e s  
were p r e t r e a t e d  w ith  2 x 10 M GA in  0 .0 1  M T r is -p h o s p h a te  b u f f e r ,  
pH 7 .0 ,  f o r  1 5 , 30 and 60 min a t  room te m p e ra tu re ,  washed 2 tj.m es 
w ith  b u f f e r  and in c u b a te d  in  0 .0 1  M T r is -p h o s p h a te  b u f f e r  con­
t a in in g  ^  C-NEM (38610 cpjn/ml) 'f o r  1 h r  a t  room te m p e ra tu re ,  washed 
3 tim e s  w ith  b u f f e r ,  homogenized in  1 N NaOH and 0 ,2  ml q u a n t i t i e s  
o f  th e  hom ogenate w ere used  to  d e te rm in e  r a d i o a c t i v i t y .  The c o n t r o l s  
were p r e t r e a t e d  w ith  DMSO (5  p e r c e n t ;  v /v )  and s u b je c te d  to  i d e n t i c a l  
o p e r a t io n s .  R a d io a c t iv i ty  a s s o c ia te d  w ith  u n i t  p r o te in  was c a lc u la te d .  
The amount o f - CA p erm eated  i s  e s t im a te d  a s  CAp = NEM o^t -  NEMqa where 
GAp = CA p e rm e a te d ; NEHcont = n m oles o f  NEM p erm eated  to  c o n t ro l  
m y c e lia ; NEMq^  = n m oles o f  NEM perm eated  to  GA p r e t r e a t e d  m y c e lia .
Each p o in t  r e p r e s e n t s  th e  mean v a lu e  o f  two in d ep en d en t d e te rm in a tio n s .
J
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T i m e , min
F ig . 3 .2 .  K in e t ic s  o f  NEM p e rm e a tio n  o f  A chlya a m b is e x u a lis  m y c e lia . 
One day o ld  m y c e lia  in  0 .2 5  g q u a n t i t i e s  w ere in c u b a te d  in  0 .0 1  M 
T r is -p h o s p h a te  b u f f e r ,  pH 7 .0 ,  c o n ta in in g  ^C-NEM (38610 cpm/ml) f o r  
7 .5 ,  1 5 , 30 and 60 min a t  room te m p e ra tu re .  The m y ce lia  were th en  
washed 3 t im e s  w ith  b u f f e r ,  hom ogenized in  1 N NaOH and 0 .2  ml 
a l iq u o t s  o f  th e  homofpnate w ere u sed  to  d e te rm in e  th e  r a d i o a c t i v i t y .  
Amount o f  NEM p erm ea ted  p e r  u n i t  p r o te in  was c a l c u la t e d .  Each p o in t  
r e p r e s e n t s  th e  mean v a lu e  o f  two in d e p e n d e n t d e te rm in a t io n s .
























F ig . 3 .3 .  The e f f e c t  o f  s u c c e s s iv e  washed on NEM p e rm e a ted  in to  
A chlya a m b is e x u a lis  m y c e lia . T w en ty -fo u r h r  o ld  m y c e lia  in  0 .2 5  g 
q u a n t i t i e s  w ere in c u b a te d  in  0 .0 1  M T r is -p h o s p h a te  b u f f e r ,  pH 7 .0 ,  
c o n ta in in g  -*-̂ C-NEM (38610 cpm /m l) f o r  1 h r  a t  room te m p e ra tu re .  The 
m y c e lia  w ere th e n  washed 1 ,  2 ,  3 o r  4 tim e s  by f i l t r a t i o n  (a p p ro x im a te ly  
30 seco n d s p e r  wash) w ith  b u f f e r ,  hom ogenized ih  1  N NaOH and 0 .2  ml 
q u a n t i t i e s  o f  th e  hom ogenate was u sed  to  d e te rm in e  r a d i o a c t i v i t y .
Amount o f  NEM p erm ea ted  p e r  u n i t  p r o t e i n  was c a l c u la te d .  Each h i s t o ­
gram v a lu e  r e p r e s e n t s  th e  taean o f  two in d e p e n d e n t d e te rm in a t io n s .
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Comparing T ab les  3 .1  and 3 .2 ,  i t  i s  e v id e n t t h a t  s u s c e p t i b i l i t y  
to  r e s p i r a t o r y  in h i b i t i o n  by CA i s  c o r r e l a t e d  in  m ost o rgan ism s 
s tu d ie d  w ith  h ig h  p e rm e a b il i ty  in d e x , f o r  exam ple, members o f  Oomycetes 
an d  C h y trid io m y c e te s  have p e rm e a b il i ty  in d ic e s  f a r  g r e a te r  th a n  u n ity  
(2 .4 2  to  8 .1 5 ;  where in d ex  v a lu e s  ap p ro ac h in g  u n i ty  would in d i c a te  
l i t t l e  o r  no p e r m e a b i l i ty ) . E x c e p tio n s  a r e  th e  B asid io m y ce tes  A g aricu s  
b is p o ra  and S ch izophyllum  commune ( h ig h e r  in d e x , no i n h i b i t i o n ) .  High 
index  w ith o u t r e s p i r a t o r y  i n h i b i t i o n  may p o s s ib ly  be r e l a t e d  to  p ro ­
t e c t i o n  by h ig h  endogenous le v e ls  o f  f r e e  t h i o l s ,  such  as  c y s te in e  o r 
g lu ta th io n e .  These t h i o l s  when a p p l ie d  to  Achlya a m b ise x u a lis  p re v e n t 
CA in h i b i t i o n  o f  r e s p i r a t i o n .  While th e  r e l a t io n s h ip  betw een CA- 
s u s c e p t i b i l i t y  and p e rm e a b il i ty  in d ex  in d i c a te s  t h a t  s e n s i t i v i t y  o f  
endogenous r e s p i r a t i o n  to  CA may depend on p e rm e a b il i ty  to  t h i s  a n t i ­
b i o t i c ,  th e  'an o m a lo u s ' r fe s u lts  r e q u i r e  t h a t  c a u t io n  be e x e rc is e d  in  
i n t e r p r e t i n g  index  v a lu e s .
The p o s s i b i l i t y  o f  p r e f e r e n t i a l  b in d in g  o f  CA to  any p a r t i c u l a r  
m y c e lia l  f r a c t i o n ( s )  was exam ined u s in g  th e  NEM p robe  method in  A chlya 
a m b ise x u a lis  m y c e lia . As shown iri T ab le  3 .3  CA a s s o c ia te d  w ith  v a r io u s  
f r a c t io n s  o f  A chlya m y c e lia . A pprox im ately  22 p e rc e n t  o f  th e  t o t a l  CA 
perm eated  i s  a s s o c ia te d  w ith  th e  w a ll  f r a c t i o n .  The t r i c h l o r o a c e t i c  
a c id  in s o lu b le  m a te r i a l s ,  p red o m in an tly  p r o t e i n , c o n ta in e d  28 p e r c e n t ,  
w hereas c lo s e  to  50 p e rc e n t  i s  re c o v e re d  from th e  t r i c h lo r o a c e t ic  a c id  
s o lu b le  f r a c t i o n .
D. D iscu ssio n
S e le c te d  o rgan ism s from v a r io u s  p h y lo g e n e tic  groups o f  fu n g i have

















Table 3 .2 . CA p e rm e a b il i ty  to  v a r io u s  fu n g i ,  
NEM-probe m ethod.
as  d e te rm in ed  by th e
C lass O rganism P e rm e a b il i ty  Index
Oomycetes A chlya a m b ise x u a lis 4 .1 9
A. m ucronata 2 .5 3
A. f l a g e l l a t a 2 .42
S a p ro le g n ia  sp . 3 .98  ■
S. f e r a x 3 .6 6  „
Pythium  debaryanum 3 .3 2
C h y trld io m y c e te s  A llom yces a rb u s c u la  - 8 .1 5
B la s t o c l a d i e l l a  e m e rso n ii 1 .5 7
Zygomycetes R hizopus s t o l o n i f e r 1.3 0
A scom ycetes Saccharom yces c e r e v is ia e 1 .4 2
D euterom ycetes G eotrichum  sp . 1 .3 0
B asld io m y ce tes S ch izophyllum  commune 4 .2 8 .

















T able 3 .3 .  Amount o f  CA a s s o c ia t e d 'w i th  v a r io u s  f r a c t i o n s  o f  A chlya
a m b ise x u a lis  m y c e lia , a s  d e te rm in ed  by th e  NEM-probe m ethod.
F ra c tio n
«
C-NEM (cpm /0 .25  g m y c e lia )  
a s s o c ia te d  w ith  c o n t r o l  and 
GA p r e t r e a te d  m ycelia
Bound CA 
(A -  B)
% T o ta l
A
C o n tro l (DMSO, 
5% ; v /v )
CA (2  x 1 0 " ^ )  . 
p r e t r e a t e d
"W all" (2000 g p e l le t . ) 15165 1596 13569 21 .7
S u p e rn a ta n t
• ’ •
TCA in s o lu b le 21705 3855 17850 2 8 .5
TGA s o lu b le 39672 8484 31188 4 9 .8
been used  to  exam ine t h e i r  s u s c e p t i b i l i t y  t o  CA i n h i b i t i o n  o f  r e s -  
p i r a t i o n .  S ince  th e  endogenous r e s e r v e  m a te r ia l  in  many fu n g i i s  
s u f f i c i e n t l y  h ig h  to  p ro v id e  a s te a d y  r e s p i r a t o r y  r a t e  f o r  s e v e r a l  h r ,
• a s tu d y  o f  th e  d i r e c t  e f f e c t  o f  CA on r e s p i r a t i o n  i s  p o s s ib le .  In  
o rgan ism s w ith  low endogenous r e s p i r a t o r y  r a t e  such- a s tu d y  i s  d i f f i c u l t .  
The d a ta  p re s e n te d  c l e a r l y  in d i c a te  t h a t  CA i s  s e l e c t i v e  in  i t s  a c t io n  
a s  a r e s p i r a t o r y  i n h i b i t o r  i n  fu n g i .  Members o f  Oomycetes and C h y tr i -
. d iom ycetes a re  s u s c e p t ib le  t o  CA a c t io n .  O th er o rgan ism s t e s t e d  a re  
\ ' • 
r e s i s t a n t  t o  CA in h i b i t i o n  o f  r e s p i r a t i o n .  S ince  t h i s  s tu d y  i s  r e s ­
t r i c t e d  t o  endogenous r e s p i r a t i o n ,  th e  p o s s i b i l i t y  t h a t  th e  e f f e c t  on 
r e s p i r a t i o n  i s  m ed ia ted  v ia  i n h i b i t i o n  o f  s u b s t r a te  t r a n s p o r t  i s  p r e ­
c lu d ed .
The s e l e c t i v i t y  o f  CA a c t io n  in  Oomycetes and C h y trid io m y ce tes  i s  
r a th e r  in t r i g u in g .  The u n d e r ly in g  re a s o n ( s )  f o r  th e  d i f f e r e n t i a l  s u s -  . 
c e p t i b i l i t y  o f  fu n g i to  CA i s  n o t  f u l l y  u n d e rs to o d . CA p e rm e a b il i ty  
s tu d ie s  w ith  v a r io u s  fu n g i in d i c a te  t h a t  p e n e t r a t io n  o f  th e  drug  i s  
im p o r ta n t f o r  i t s  a c t io n .  In  a lm o s t a l l  fu n g i exam ined good c o r r e l a t i o n  
i s  o b ta in e d  betw een CA p e rm e a b i l i ty  and s u s c e p t i b i l i t y  to  CA in h i b i t i o n  
o f  r e s p i r a t i o n .  The o n ly  e x c e p tio n s  a re  members o f  B as id io m y ce tes  where 
^  h ig h  p e rm e a b il i ty  in d ex  v a lu e s  a re  a s s o c ia te d  w ith  r e s i s t a n c e  to  r e s ­
p i r a t o r y  in h i b i t i o n .  The re a so n  f o r  t h i s  'an o m aly ' is " o b s c u re .  P e r ­
h a p s , th e s e  fu n g i may have a h ig h  l e v e l  o f  endogenous t h i o l s  which 
in a c t iv a t e  CA i n t r a c e l l u l a r l y , s in c e  i t  i s  a p o te n t  th io l - b lo c k in g  a g e n t . 
Such in a c t iv a t io n  o f  CA may le a d  to  la c k  o f  in h i b i t i o n  o f  r e s p i r a t i o n .
A nother i n t e r e s t i n g  a s p e c t  o f  t h i s  in v e s t ig a t io n  i s  th e  sh a re d  ..
I *
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C A -a u s c e p t ib i l i ty  o f  Oomycetes and C h y tr id io m y c e te s , two c l a s s e s  
where ev id en ce  su p p o r ts  d i f f e r e n t  p h y lo g e n e tic  o r ig in s  ( s e e  C hap ter I ) .  
S ince C h y trid io m y ce tes  show more p h y lo g e n e tic  a f f i n i t i e s  to  o th e r  
C A -re s is ta n t o rgan ism s o f  Eum ycota, . one would ex p ec t them t o  be r e s i s -
i
t a n t ;  b u t  c l e a r l y  t h i s  i s  n o t  th e  c a s e .  P e rh a p s , th e  re a so n  f o r  t h i s  
"paradox may be  r e l a t e d  to  t h e i r  common aqueous h a b i t a t .  Being- s u b je c te d  
to  s im i la r  s e l e c t i o n  p r e s s u r e s , th e y  may have undergone co v e rg e n t 
e v o lu t io n ,  in ' f a c t o r s  such a s  s e n s i t i v i t y  to  CA -like compounds. More 
in fo rm a tio n  on th e  p h y s io lo g y  and b io c h e m is try  o f  v a r io u s  g roups o f  
fu n g i i s  n e c e s s a ry .
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CHAPTER XV
THE EFFECTS OF CYTOCHALASBFA AND OTHER POTENTIAL THIOL BLOCKING
AGENTS ON RESPIRATION OF ACHLYA AMBISEXUALIS
A. In tro d u c t io n
The w a te r  m old , A chlya a m b ise x u a lis  b e lo n g s  t o  th e  fu n g a l  c l a s s  
O om ycetes. Members o f  th e  genus A chlya a re  t y p i c a l l y  a q u a t ic ,  w id e ly  • 
d i s t r i b u t e d  sa p ro b e s  c h a r a c te r i z e d  by th e  p re se n c e  o f  p ro fu s e ly  
b ranched  c o e n o c y tic  f i la m e n to u s  m y c e lia , b i f l a g e l l a t e  z o o sp o re s , 
c e l lu lo s e  and o th e r  g lu can s  in  th e  w a l l ,  and th e  absence o f  m o t i le  
gam etes. A lthough a g r e a t  d e a l  i s  known ab o u t th e  r e s p i r a t o r y  m etabo­
lism  o f  c e r t a i n . f u n g i ,  e s p e c i a l l y  th e  y e a s t s ,  r e l a t i v e l y  l i t t l e  i s  
known abou t th e  r e s p i r a t i o n  o f  th e  O om ycetes, in c lu d in g  A ch ly a , and* 
even th e  a v a i la b le  d a ta  a r e  in  many r e s p e c t s  in c o m p le te . In  many fu n g i 
Z ' in v e s t ig a t e d ,  th e  e x is te n c e  o f  th e  Hexose M onophosphate Pathw ay (HMP), 
th e  Embden-Meyerhof P a rn a s  scheme (EMP), th e  T r ic a rb o x y lic  A cid (TCA)
>
c y c le  and a te rm in a l  e l e c t r o n  t r a n s p o r t  system  were d em o n stra ted  (G o tt­
l i e b ,  1976 ). P re l im in a ry  work by Warren and M u llin s  (1969) in d i c a te s  
t h a t  enzymes r e p r e s e n t in g  a l l  th e  above m en tioned  schemes a re  p r e s e n t  
• in  A chlya a m b is e x u a lis . In  a d d i t io n ,  g ly o e ro l  p h o sp h a te  dehydrogenase 
and l a c t i c  a c id  dehydrogenase a c t i v i t y  were o b se rv e d , s u g g e s tin g  t h a t  
th e  r e s p i r a t o r y  m etabo lism  o f  A chlya a m b ise x u a lis  i s  e s s e n t i a l l y  s im i la r  
to  t h a t  o f  o th e r  fu n g i .
The su b s ta n c e  o f  th e  p re v io u s  c h a p te r  c l e a r l y  in d ic a te s  t h a t  GA 
s e l e c t iv e ly  i n h i b i t s  r e s p i r a t i o n  o f  c e r t a i n  f u n g i ,  e s p e c i a l l y  th e  Oomy-
7
c e t e s .  A lthough i t  i s  p o in te d  o u t t h a t  s e v e r a l  p h y s io lo g ic a l  p ro c e s s e s
63
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in  th e  Oomycetous fungus A chlya a m b is e x u a lis , in c lu d in g  r e s p i r a t i o n
*
(Thomas e t  a l . , 1974; M anavathu and Thomas, 1 9 7 9 ), a re  a f f e c te d  by CA 
n e i th e r  th e  lo c a t io n  n o r  th e  m o le c u la r  mechanism o f  i t s  a c t io n  i s  w e ll  
u n d e rs to o d . S ince A chlya i s  a t y p i c a l  r e p r e s e n ta t iv e  o f  th e  C A -suscep-
t i b l e  fu n g i and p o s s e s s e s  s e v e r a l  r e s e a r c h  ad v an tag es  such  a s  non -
V
p a th o g e n ic i ty ,  a m e n a b il i ty  to  c u l tu r e  in  th e  la b o ra to r y  on d e f in e d  
m ed ia , r a p id  grow th r a t e ,  h ig h  endogenous r e s p i r a t o r y  r a t e ,  th e  a v a i l -  
a b i l i t y  o f  s e v e r a l  d ev e lo p m en ta l form s ( s p o r e s ,  g e rm lin g s , m y ce lia  e t c . )  
f o r  co m p ara tiv e  s t u d i e s ,  t h i s  organism  h as  been used  a s  a m odel system  
to  s tu d y  th e  lo c a t io n  and th e  m o le c u la r  mechanism o f  CA in h i b i t i o n  o f  
r e s p i r a t i o n  in  th e  Oomycetes.
B. M a te r ia ls  and Methods
1 . O rganism . •
The w a te r  m old, A chlya am b ise x u a lis  (m ale s t r a i n  E87) was used  
th ro u g h o u t t h i s  i n v e s t ig a t io n .  C u ltu re s  were grown in  pep tone  y e a s t  
e x t r a c t  g lu co se  (PYG) medium (p e p to n e , 1 g; y e a s t  e x t r a c t ,  1 g; g lu c o se ,
3 g; p e r  l i t e r  o f  d i s t i l l e d  w a te r ; 100 m l/250 ml E rlenm eyer fla s^ :)  from 
en c y s te d  sp o re s  ( f r e s h  o r  s to r e d  a t  4°C; a p p ro x im a te ly  5 x 10 /100  ml 
PYG medium) f o r  24 to  36 h o u rs  a t  room te m p e ra tu re  on a r e c ip r o c a t in g  
sh a k e r  (E b erb ach , 90 c y c le s /m in ) . Under th e s e  c o n d i t io n s ,  c u l tu r e s  
re a c h  lo g a r i th m ic  p hase  o f  grow th w ith in  18 h r .  In  a l l  e x p e rim e n ts , 
where a p p l ic a b le ,  m y ce lia  from lo g a r i th m ic  phase  were u sed .
2 . P re p a ra t io n  o f  s p o re s ,  germ lin g s  and m y ce lia  f o r  r e s p i r a to r y  s t u d i e s .
Spores were p re p a re d  u s in g  a m e thod .m od ified  from t h a t  o f  
G r i f f in  and B reuker (1 9 6 9 ) . M ycelia grown f o r  24 h r  as  p re v io u s ly  d e s -
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-  c r ib e d  were h a rv e s te d  by f i l t r a t i o n ,  washed 3 tim e s  w ith  250 ml each  
o f  5 x 10” 4 M calc ium  c h lo r id e  s o lu t i o n ,  t r a n s f e r r e d  t o  a 2800 ml 
F em bach  f l a s k  c o n ta in in g  1 l i t e r  o f  5 x 10”4 M ca lc iu m  c h lo r id e  and 
* in c u b a te d  a t  room te m p e ra tu re  w ith  g e n t le  a g i t a t i o n  (E berbach  r e c i p ­
r o c a t in g  sh a k e r)  a t  60 c y c le s /m in  to  f a c i l i t a t e  s p o r u la t io n .  * A f te r  
. s p o r u la t io n ,  which to o k  6 t o  8 h r ,  sp o re s  were s e p a ra te d  from  m ycelia  
by a s e p t i c  f i l t r a t i o n  th ro u g h  n y lo n  mesh (25  p  mesh s iz e )  and concen­
t r a t e d  by c e n t r i f u g a t io n  a t  3000 g f o r  10 m in u te s . Under th e s e  con -
q
d i t i o n s ,  5 to  6 x  10 sp o re s /m l o f  ca lc iu m  c h lo r id e  s o lu t io n  were ob­
ta in e d .  In  o rd e r  to  p re p a re  g erm lin g s  (g e rm in a te d  sp o re s  w ith  s h o r t  
germ tu b e s )  s p o re s  j ^ r e  in c u b a te d  in  PYG-medium f o r  6 h r  w ith  g e n tle
a g i t a t i o n  a t  room te m p e ra tu re  r e s u l t i n g  in  a t  l e a s t  80 p e rc e n t  g e rm lin g s . 
*»
, TJie m a te r ia ls  ( s p o r e s ,  germ lin g s and m y c e lia ) were, washed w ith  and r e s u s ­
pended (w here a p p l ic a b le )  in  0 .0 1  M T r is -p h o s p h a te  b u f f e r ,  p H ^ .0 ,  «■
b e fo re  b e in g  u sed  in  oxygen u p tak e  s tu d ie s .
3 . P re p a ra t io n  o f  m ito c h o n d r ia l  f r a c t i o n s . *
c J
The i s o l a t i o n  and p a r t i a l  p u r i f i c a t i o n  o f  m ito ch o n d ria  were
t
e s s e n t i a l l y  done a c c o rd in g  to  Bonner (1967) as m o d ified  by Douce e t  a l . ,
(1977) e x c e p t t h a t  a p e s t l e  and m o rta r  w ith  sand  were used  in  hom ogeni-
z a t io n .  B r i e f l y ,  m ycelia  grown f o r  24 h r  a t  room te m p e ra tu re  were h a r -  
»
v e s te d  by f i l t r a t i o n  and washed 3 tim e s  w ith  co ld  0 .3  M m a n n ito l .  A f te r  
rem oving e x c e ss  w ate r from th e  m y c e lia l  mat by p r e s s in g ,  10. g f r e s h  
w eig h t o f  m yce lia  were homogenized, w ith  an e q u a l w eig h t o f  washed sand 
in  30 -ml o f  hom ogenizing medium c o n ta in in g  0 .3  M m a n n ito l ,  4 mM c y s te in e ,
i
1 mM EDTA, 30 mM MOPS (3 -(N -m o rp h o lin o )-p ro p an e  s u lf o n ic  a c i d ) ,  pH 7 .5 ,  
0 .2  p e r c e n t  BSA (b o v in e  serum album in) and PVP (p o ly v in y lp y r ro l id o n e ;
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av erag e  m o le c u la r  w e ig h t 10 ,000 ) f o r  5 m in u te s  u s in g  a p e s t l e  and
m o r ta r .  The hom ogenate was p a sse d  th ro u g h  s ix  la y e r s  o f  cheese  c lo th
\
and  f i l t r a t e  was c o l l e c t e d .  The r e s id u e  was hom ogenized one more t im e , 
re d u c in g  th e  medium and th e  g r in d in g  tim e  by one h a l f .  M ito ch o n d ria  
from  th e  p o o le d  f i l t r a t e  were i s o l a t e d  by d i f f e r e n t i a l  c e n t r i f u g a t io n  
a c c o rd in g  to  th e  method o f  Bonner (1 9 6 7 ) . A f te r  th e  f i n a l  w ash, m i to - ' 
c h o n d ria  w ere suspended  in  c y s te in e - f r e e  medium to  e l im in a te  i n a c t i v a -
9
t i o n  o f  CA by c y s te in e  in  su b seq u en t i n h i b i t i o n  s tu d ie s .  Lack o f  
c y s te in e  in  th e  f i i f a l  su sp e n s io n  had  no s i g n i f i c a n t  e f f e c t  on th e  r e s ­
p i r a t o r y  a c t i v i t y  o f  th e  m ito c h o n d r ia l  f r a c t i o n .  A ll  o p e ra t io n s  w ere ; 
done a t  0 to  4°C.
4 . P r e p a ra t io n  o f  p r o t o p l a s t s .
A pprox im ately  1 g f r e s h  w e ig h t o f  one 'day o ld  m y ce lia  were 
in c u b a te d  in  10 ml p r o to p la s t in g  medium c o n ta in in g  20 mg/ml D r is e la s e
i
(Kyowa Hakko Kogyo Company L t d . ,  Tokyo) and 0 .4  M m a n n ito l ,  pH 5 .2 ,  
w.th g e n t le  a g i t a t i o n  a t  room te m p e ra tu re .  W ithin 2 h r  com plete  d ig e s ­
t i o n  o f  th e  w a ll  o c c u rre d  and p r o to p la s t s  w ere l i b e r a t e d .  The d ig e s t
%
was p a sse d  th ro u g h  4 la y e r s  o f  ch ee se  c l o th  to  remove ceJU p la r d e b r is .  
The c l a r i f i e d  su sp e n s io n  was c e n t r i f u g e d  a t  500 g f o r  10 m in u te s , th e
I
p e l l e t  was washed 2 tim e s  w ith  and resu sp en d ed  in  0.01-M  T ris -p h o sp h a te  
b u f f e r  c o n ta in in g  0 .4  M m a n n ito l. One m l q u a n t i t i e s  o f  th e  su sp e n s io n  
were u sed  f o r  r e s p i r a t o r y  s tu d ie s .  The v i a b i l i t y  o f  p r o to p la s t s  was 
d e te rm in ed  by t h e i r  c a p a c i ty  to  r e g e n e ra te  on pep tone  y e a s t  e x t r a c t  
a g a r  medium.
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*5. Oxygen co n su m p tio n .
The r a t e s  o f  oxygen consum ption a t  30 C by s p o re s ,  g e rm lin g s , 
m y c e lia , p r o to p la s t s  and m ito c h o n d r ia l  su sp e n s io n s  were m easured
p o la ro g r a p h ic a l ly  u s in g  a C la rk  ty p e  oxygen e le c t r o d e  as ' d e sc r ib e d
7  ̂ ^^ e lsew h ere  { C h a p te r  I I ) .  Spores (3  x 10 ) o r  g erm lings (4  x 10°) o r
m yce lia  (24  h r  o ld ;  0 .2 5  g , f r e s h  w eigh t) were in c u b a te d  in  3 ml O.Ol M
T r is -p h o s p h a te  b u f f e r ,  pH 7 .0 ,  w ith  o r -w ith o u t g lu co se  (15  mM) in  a
Yellow S p rin g s  In s tru m e n ts  in c u b a tio n  chamber in  a w a te r  b a th  a t  30°C
f o r  v a r io u s  tim e  i n t e r v a l s .  The su sp e n s io n  was c o n s ta n t ly  s t i r r e d  by
a m agnetic  s t i r r e r .  I n h ib i to r s  were added to  th e  in c u b a tio n  chamber a t
ys p e c i f i e d  tim e s  u s in g  a m i c r o l i t e r  syringe*. R ates  o f  oxygen consum ption
S  by p r o to p l a s t s  were m easured s im i la r ly  by, in c u b a tin g  1 ml o f  th e  s u s -
•\
p en s io n  i n > l m l  T r is -p h o sp h a te  b u f f e r  c o n ta in in g  0 .4  M m a n n ito l in  th e
m
absence o f  g lu c o se . Oxygen consum ption  by m ito c h o n d r ia l  su sp e n s io n s  was 
m easured a c c o rd in g  to  E s ta b ro o k  (1967) in  a 3 ml r e a c t io n  medium co n - 
ta in in g  0..3 M m a n n ito l,.  5 mM magnesium c h lo r id e ,  10 mM p o ta ss iu m  c h lo ­
r i d e ,  10 mM sodium pho sp h ate  b u f f e r , ' pH 7 .2  and 0 .1  p e rc e n t  BSA. The 
r e a c t io n  was s tu d ie d  by s e q u e n t ia l  a d d i t io n  o f  s q b s t r a t e ,  ADP ( f i n a l  
c o n c e n tr a t io n  o f  10 mM each ) and in h i b i t o r s  a t  v a r io u s  c o n c e n tr a t io n s .  
P r o te in  d e te rm in a tio n s  were done a c c o rd in g  to  Lowry e t  a l .  (1 9 5 1 ).
6. G lucose u p ta k e .
G lucose up take by germ inated  sp o re s  was .m easured a c c o rd in g  to
Singh and LeJohn (1 9 7 5 ). G erm lings (6  h r  o ld )  were suspended  in  a
■»
medium composed o f  10 mM T r i s - a c e t a t e , pH 7 .0 ,  2 mM sodium c h lo r id e
'  * « v
and 2 mM p o ta ss iu m  c h lo r id e .  One m l-q u a n t i t i e s  o f  th e  su sp e n sio n
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(a p p ro x im a te ly  7 .5  x  10^ to  1 x 106 g e rm lin g s /m l) were- in c u b a te d
in  1 ml o f  medium c o n ta in in g  v a r io u s  c o n c e n tra t io n s  o f  D -g lucose
w ith  & -(U-14c) g lu co se  ( s p e c i f i c  a c t i v i t y ,  1 .08  to  2 .3 6  x 105 cpm/ji m ole) 
% *
f o r  d i f f e r e n t  tim e i n t e r v a l s  a t  room te m p e ra tu re . I n h ib i to r s  were
S
added to  th e  r e a c t io n  m ix tu re  b e fo re  th e  a d d i t io n  o f  g e rm lin g s . The 
c o n t ro l s  c o n ta in e d  DMSO (1  p e r c e n t ; v /v ) .  The u p tak e  was te rm in a te d  
by r a p id ly  f i l t e r i n g  th e  g erm lings u s in g  m i l l ip o r e  f i l t e r s  (HAWP,
v 1 N
0 .45  ) i  mesh s iz e )  and w ashing 2 tim es  w ith  15 ml o f  each  medium co n -
' i
t a in in g  10 mM u n la b e le d  D -g lu co se . A f te r  d ry in g  under a h e a t  lam p, 
th e  f i l t e r s  were t r a n s f e r r e d  to  s c i n t i l l a t i o n  v i a l s  and th e  r a d io -
w
i .
a c t i v i t y  was de te rm in ed  by l i q u id  s c i n t i l l a t i o n  c o u n tin g .-
i . 4
7 . '^P y ru v a te  u p ta k e .
M ito c h o n d ria l u p tak e  o f  p y ru v a te  was m easured as  -d e sc rib e d  
by H a le s tra p  and Denton (1 9 7 4 ). M ito ch o n d ria  w ith  good r e s p i r a t o r y
■n.
a c t i v i t y  were suspended  in  a medium c o n ta in in g  0 .3  M m a n n ito l ,  1 mM 
EDTA, 30 mM MOPS b u f f e r ,  pH 7 .5 ,  0 .2  p e r c e n t  BSA and 0 .6  p e r c e n t  PVP.
H a lf ml q u a n t i t i e s  o f  th e  su sp e n sio n  were in c u b a te d  in  1 ml o f  medium
1 14 bc o n ta in in g  v a r io u s  c o n c e n tr a t io n s  o f  p y ru v a te  w ith  (U - C )-p y ru v a te  ,
( s p e c i f i c  a c t i v i t y ,  5 .2  x 10^ cptp/ji m ole) f o r  2 m inu tes  a t  room tem -
p e r a tu r e .  The m ito c h o n d ria  were th e n  s e p a ra te d  from  th e  in c u b a tio n
medium by c e n t r i f u g a t io n  a t  12,000 g f o r  2 m inu tes and washed 2 tim es
w ith  medium c o n ta in in g  20 mM u n la b e le d  p y ru v a te . The p e l l e t  was
im m ediately  d is s o lv e d  in  0 .2  ml o f  I N  NaOH and th e  r a d i o a c t i v i t y  was
—5d eterm ined  by l i q u i d  s c i n t i l l a t i o n  c o u n tin g . CA (4  x 10” M) was
3
'ad d ed  to  th e  r e a c t io n  m ix tu re  j u s t  b e f o r e Qth e  a d d i t io n  o f  m ito c h o n d ria . 
The c o n t ro l s  c o n ta in e d  DM§p a t  a c o n c e n tr a t io n  o f  1"p e rc e n t  ( v /v ) .
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8 . M easurement ~of g lu c o se  u t i l i z a t i o n .
•>
A c tiv e ly  grow ing m y ce lia  were -p reloaded  w ith, 10 mM D -glucose
14 4c o n ta in in g  u n ifo rm ly  la b e le d  C -g lucose  ( s p e c i f i c  a c t i v i t y ,  6 x 10
cpm/ji m ole) f o r  30 m in u tes  a t  room te m p e ra tu re .  The m yce lia  were
< .
th en  h a rv e s te d  by f i l t r a t i o n ,  washed 2 t im e s ,  d isp e n se d  in  1 gram 
( f r e s h  w eigh t) q u a n t i t i e s  p e r  10 ml f r e s h  grow th medium and in c u b a te d  
f o r  1 h r  w ith  and w ith o u t CA (4  x 1CT5 M )_at room te m p e ra tu re . At 
th e  c o n c lu s io n  o f  th e  in c u b a t io n , ' m y ce lia  were c o l l e c t e d  on f i l t e r   ̂
p a p e r ,  washed and hom ogenized in  d i s t i l l e d  w a te r . The homogenate was 
c e n t r i f u g e d  a t  12 ,000  g f o r  20 m in u te s . The s u p e rn a ta n t  was t r e a t e d  
w ith  Dowex-50 in  th e  H+ form  to  remove any i n t e r f e r i n g  c a t io n s .  A f te r  
n e u t r a l i z in g  th e  e x t r a c t  w ith  NH^OH, 0 .2  ml q u a n t i t i e s  w ere.rem oved 
and th e  r a d io a c t i v i t y  was de term ined  by l i q u i d  s c i n t i l l a t i o n  c o u n tin g . 
A p p ro p ria te  amounts o f  th e  e x t r a c t  were chrom atographed on p ap er (What­
man no . l ) a n d  a ls o  on an io n  exchange column (D ow ex-l) a c c o rd in g .to  
Benson (1 9 5 7 ). The p a p e r  was c u t  in to  1 x 1 cm s t r i p s  and th e  r a d io ­
a c t i v i t y  was d e te rm in ed . V ario u s  f r a c t io n s  were c o l le c te d  from th e
J  \ ■
column u s in g  a number o f  e lu a n ts  ( s e e  le g e n d  to  F ig . 4 .1 0 )  and th e  
r a d i o a c t i v i t y  a s s o c ia te d  w ith  each  f r a c t i o n  was d e te rm in ed . The id e n ­
t i t y  o f  th e  r e s o lv a b le  peaks was d e te rm in ed  by co -ch ro m ato g rap h in g  w ith  
r a d io la b e le d  known sam ples on p a p e r . **
9 . R ad io ch em ica ls .
D-(U-14C) g lu c o se  ( s p e c i f i c  a c t i v i t y ,  333 mCi/m m ole) and 
( U-14C) p y ru v ic  a c id  ( s p e c i f i c  a c t i v i t y ,  1 3 .5  mCi/m m ole)’ were p u r­
chased  from  Amersham, A r lin g to n  H e ig h ts , I l l i n o i s .
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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1. I n h ib i t io n  o f  r e s p i r a t i o n .
As shown in  F ig . 4 .1  CA i n h i b i t s  oxygen consum ption  by 
A chlya a m b is e x u a lis . g erm lin g s  in  th e  p re sen ce  o f  exogenous g lu c o se .
i 1
The re sp o n se  i s  r a p id  .and a t t a i n s  a maximum w ith in  S m in u te s . I n .a  
t y p i c a l  e x p e rim e n t, CA a t  a c o n c e n tra t io n  o f  4 x 10” ^ H i n h i b i t s  oxygen
'  I  *
consum ption by 87 p e r c e n t  w ith in  5 m in u te s . S ince c y to c h a la s in s  in
 —- .... g e n e ra l a re  p o te n t  i n h i b i t o r s  o f  su g a r  t r a n s p o r t  in  s e v e r a l  sy s tem s ,
in c lu d in g  A chlya a m b ise x u a lis  ( s e e  b e lo w ), t h i s  CA in h i b i t i o n  o f  
oxygen consum ption in. th e  p re se n c e  o f  exogenous g lu c o se  may be a t t r i -
i • - .
b u ta b le  a t  l e a s t  in  p a r t  to  i n h i b i t i o n  o f  su g a r t r a n s p o r t .  So f u r th e r  
in v e s t ig a t io n  o f  CA e f f e c t s  on th e  r e s p i r a t o r y  m etabo lism  o f  Achlya 
was r e s t r i c t e d  to  endogenous r e s p i r a t i o n .
Achlya a m b is e x u a lis , l i k e  many o th e r  f u n g i ,  h as  a very  h ig h  
endogenous r e s p i r a to r y  r a t e .  A ll  th r e e  deve lo p m en ta l s ta g e s  ( s p o re s ,  
germ lin g s  and m ycelia ) o f  t h i s  fungus examined m a in ta in  a s te a d y  l e v e l  
o f  oxygen consum ption f o r  s e v e r a l  h r  even in  th e  absence o f  exogenous
s r e s p i r a t o r y  s u b s t r a t e  such as  g lu c o se . This h ig h  s te a d y  endogenous
%
r e s p i r a t o r y  r a t e  f a c i l i t a t e s  s tu d y  o f  th e  e f f e c t  o f  CA on r e s p i r a t i o n ,  
a v o id in g  p o s s ib le  e f f e c t s  on s u b s t r a t e  u p ta k e . F ig . 4 . 2 ‘shows t h a t  CA 
i n h i b i t s  oxygen consum ption by s p o re s ,  germ lings and m y ce lia  in  th e  
absence o f  exogenous g lu c o se . The in h ib i t i o n  i s  r a p id ,  c o n c e n tra t io n  
d ependen t (F ig .  4 . 3 ) ,  i r r e v e r s i b l e  (F ig .  4 .4 )  and a p p a re n tly  in d ependen t 
o f  pH betw een 5 and 8 (T a b le  4 .1 ) .  T y p ic a l ly ,  CA a t  4 x 10-5  M d im in i­
shed  oxygen consum ption by 53 p e rc e n t  in  s p o re s ,  58 p e rc e n t  in  germ lings
\
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F ig % 4 .1 .  CA i n h i b i t i o n  o f  oxygen consum ption  o f  A chlya a m b ise x u a lis  
g e rm lin g s  w ith  .exogenous g lu c o se . Oxygen consum ption  was m easured  in  
th e  p re s e n c e  o f  15 g lu c o se  as  d e s c r ib e d  u n d er M a te r ia ls  and M ethods. 
CA (4  x 10“ a M) was added a t  th e  tim e  in d ic a te d  by th e  a rro w . The 
c o n t r o l  c o n ta in e d  1 p e r c e n t  ( v /v )  DMSO.
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F ig . 4 .2 .  E f f e c t  o f  CA on oxygen consum ption  o f  Achlya a m b is e x u a lis  
sp o re s  g e rm lin g s  and m y c e lia  (a - A , ) in  th e
absen ce  o f  exogenous g lu c o se . Oxygen consum ption  wgs m easured  as  
d e s c r ib e d  u n d er M a te r ia ls  and M ethods. CA (4  x 10-3  M) was added a t  th e  
tim e  in d i c a te d  by th e  a rro w s. TEe- c o n t r o l s  c o n ta in e d  1 p e r c e n t  .
(v /v )  DMSO.
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F ig .  4 .3 .  Dose re sp o n se  cu rv e  o f  CA i n h i b i t i o n  o f  oxygen .con­
sum ption  o f  A chlya a m b ise x u a lis  g e rm lin g s  i n  th e  absence o f  
exogenous g lu c o se . Oxygen consum ption  in  th e  p re se n c e  o f  d i f f e r e n t  
c o n c e n t r a t io n s o f  CA were d e te rm in e d  as  d e s c r ib e d  under M a te r ia ls  
and M ethods.
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F ig . 4 .4 .  Lack o f  r e v e r s i b i l i t y  o f  CA i n h i b i t i o n  o f  oxygen consump­
t i o n  o f  A chlya a m b is e x u a lis  m y c e lia . M ycelia  w ere p r e t r e a t e d  w ith  
4 x 10“ 5 M CA f o r  5 min a t  room te m p e ra tu re ,  washed 2 tim e s  w ith  
0 .0 1  M T r is -p h o s p h a te  b u f f e r ,  pH 7 .0 ,  and s u b se q u e n tly  used  f o r  
ocygen consum ption  s tu d i e s  a s  d e s c r ib e d  u nder M a te r ia ls  and M ethods. 
Sym bols: , C o n tro l (DMSO— wash) ; a  ~ j  , CA ( 4 x 10- a  M);
, CA —> wash.

















T able 4 .1 .  E f f e c t  o f  pH on CA in h i b i t i o n  o f  r e s p i r a t i o n  in  
A chlya am biaexualiB  m y c e lia .
R e s p ira to ry  i n h i b i t i o n
7 .0 65
8 . 0 62 .
R ates  o f  oxygen consum ption a t  v a r io u s  pH v a lu e s  were 
m easured u s in g  0 .0 1  M T r is -p h o s p h a te  b u f f e r  ( a d ju s te d  
to  th e  r e q u ir e d  pH w ith  0 .1  N HC1 o r  NaOH) a s  d e s c r ib e d  
under M a te r ia ls  and M ethods. P e rc e n ta g e  in h i b i t i o n  o f  
r e s p i r a t i o n  was c a lc u la te d  a s  [(Vo -  V i)/V o] x 100 
where Vo and Vi a re  th e  av e rag e  r a t e s  o f  oxygen consump­





and 63 p e r c e n t  in  m yce lia  in  th e  ab sen ce  o f  exc^pnous g lu c o se  in d ic a ­
t i n g  a s l i g h t  in c re a s e  in  s u s c e p t i b i l i t y  w ith  developm ent. O ther 
c y to c h a la s in s  t e s t e d  ( c y to c h a la s in s  B, D and E) have no e f f e c t  on 
r e s p i r a t i o n  (T a b le  4 . 2 ) ,  a f in d in g  c o n s i s t e n t  w ith  t h e i r  la c k  o f  
e f f e c t  in  o th e r  b io lo g ic a l  f u n c t io n s  o f  t h i s  fungus (Thomas e t  a l . ,
1974).. «
The e f f e c t s  o f  o th e r  r e s p i r a t o r y  i n h i b i to r s  and u n c o u p le rs  o f  
o x id a t iv e  p h o sp h o ry la t io n  on oxygen consum ption o f  A chlya am b ise x u a lis  
i s  shown in  T ab le 4 .3 .  Sodium cy an id e  (NaCN), a c l a s s i c a l  i n h i b i t o r  o f
O
t h e  cytochrom e pathw ay , a t  a c o n c e n tra t io n  o f  1 x 10 M in h i b i t e d  
oxygen consum ption  by 77 .5  p e r c e n t .  , A t 1 x 10-S  M sa lic y lh y d ro x a m ic
r
a c id  (SHAM), a s p e c i f i c  i n h i b i t o r  o f  th e  * a l t e r n a t e  r e s p i r a t o r y  pathw ay '
red u ced  oxygen consum ption by a p p ro x im a te ly  27 p e rc e n t .  T o g e th e r , th e
—3f a c t  t h a t  NaCM even a t  1 x 10-  M f a i l e d  to  i n h i b i t  oxygen consum ption 
c o m p le te ly , and t h a t  SHAM, a s p e c i f i c  i n h i b i t o r  o f  th e  a l t e r n a t e  r e s ­
p i r a t o r y  pa thw ay , in h ib i te d  oxygen consum ption a t  a low c o n c e n tr a t io n ,  
in d ic a te  th e  p o s s ib le  e x is te n c e  o f  th e  cy an id e  in s e n s i t i v e  a l t e r n a t e
i
r e s p i r a t o r y  pathw ay in  t h i s  fu n g u s . G e n e ra lly , 2 ,4 -d in i t r o p h e n o l  (ENP) 
u n coup les  o x id a t iv e  p h o sp h o ry la t io n  w ith o u t a f f e c t in g  oxygen consum ption . ■ 
However, a s  shown in  T able 4 .3  DNP a t  a  c o n c e n tra t io n  o f  4 x 10- S *M 
in h i b i t e d  oxygen consum ption o f  A chlya am b ise x u a lis  m y c e lia  by 2 4 .6  
p e r c e n t ;  th e  re a s o n  f o r  t h i s  anomaly i s  n o t u n d e rs to o d , p e rh a p s  i t  may 
be due to  g e n e ra l  t o x i c i t y .
S ince  CA i s  known t o  a c t  as  a th io l - b lo c k in g  a g en t in  s e v e r a l  s y s -  
te rns, in c lu d in g  A chlya a m b ise x u a lis  (M anavathu and Thomas, 1 9 7 6 ), th e


















T able 4 .2 .  Comparison o f  c y to c h a la s in s  A,B,D and E a s  r e s p i r a t o r y  
i n h i b i t o r s  in  A chlya a m b is e x u a lis .
Compound C o n c e n tra tio n , M R e s p ira to ry  
i n h i b i t i o n ,  %
C o n tro l ; \ 6 .0
C y to c h a la s in  A 4 x 10-5 6 6 .0
C y to c h a la s in  B 4 x 10“ 5 5 .5
C y to c h a la s in  D 4 x 1 (T 5 0 .0
C y to c h a la s in  E 4 x 10-5 . 0 .0
R a te s  o f  oxygen consum ption  in  th e  p re s e n c e  and in  th e  absence  o f  
v a r io u s  compounds were m easured a s  d e s c r ib e d  under M a te r ia ls  and 
M ethods. P e rc e n ta g e  in h i b i t i o n  o f  r e s p i r a t i o n  was c a lc u la te d  a s  
d e s c r ib e d  in  th e  leg en d  to  T ab le  4 .1 .  The c o n t r o l  c o n ta in e d  DMSO 


















Table 4 .3 .  E f f e c t  o f  r e s p i r a t o r y  i n h i b i t o r s  and u n c o u p le rs  
o f  o x id a t iv e  p h o sp h o ry la t io n  on oxygen consump­
t i o n  o f  A chlya a m b ise x u a lis  m y c e lia .
Compound C o n c e n tra tio n , M R e s p ira to ry  
i n h i b i t i o n ,  %
Sodium cy an id e ' 1 x 10“ 4 2 8 .0  .
• 1 x 10“ 3t '
7 7 .5
S a licy lh y d ro x am ic  a c id 1 x 10~5 27 .0

















T able  4 .4 .  Comparison o f  th e  e f f e c t  o f  CA and o th e r  p o t e n t i a l  
th io l - b lo c k in g  a g e n ts  on - r e s p i r a t io n  o f  A chlya 
a m b ise x u a lis  m y c e lia .
Compound• C o n c e n tra tio n , M R e s p ira to ry  
i n h i b i t i o n ,  %
$
C y to c h a la s in  A 4 x 1 0 "5 60
M ercu ric  c h lo r id e 3 x 1 0 "5 . 100
pCMBS 4 x 10“ 5 18
lo d o a c e ta te 1 x 10~4 40.
1 , 5-I-AEDANS -41 x 10 * 24
-4D1NB 1 x 10 0
N -e th y l m aleim ide 2 x 10“ 4 76
N -is o p ro p y l m aleim ide 2 x 10"4 * 70
H -b u ty l m aleim ide 2 x 10~4 * 74
N -phenyl m aleim ide 2 x 10~4 84
N -benzy l m aleim ide 2 x 10"4 16
N -cy c lo h ex y l m aleim ide 2 x 10“ 4 66
pCMBS, p -c h lo ro m e rc u rib e n z e n e  s u lfo n a te
1,5-I-AEDAHS, N - io d o a c e ty l-N ' - ( 5 - s u lfo - l -n a p h th y l) - e th y le n e d ia m in e  
D1NB,S,5r- d i t h io b i s - ( 2 - n i t r o b e n z o ic )  a c id
{ e f f e c t  o f  o th e r  p o t e n t i a l  th io l - b lo c k in g  a g e n ts  on r e s p i r a t i o n  o f  t h i s
organism  was exam ined. As shown in  T ab le  4 .4  o n ly  c e r t a i n  t h i o l -
b lo c k e rs  a r e  e f f e c j t iv e  i n  -Achlya. The m ost a c t iv e  ones a r e  m e rc u ric
-c h lo r id e  (HgCl^) and c e r t a in  d e r iv a t iv e s  o f  m ale im ide . B enzy l m a le im id e ,
p -c h lo ro m e rc u rib e n z e n e  s u lfo n a te  (pCMBS), 5 ,5  r- d i t h io b i s - ( 2 - n i t r o b e n z o ic )
a c id  (DTNB) and N -io d o ace ty 1 -N ’- ( 5 - s u l f b - l - n a p h th y l ) - e th y le n e  diam ine 
1
(1,5-I-AEDANS) a r e  r a t h e r  i n e f f e c t i v e .  A co m p ara tiv e  s tu d y  o f  th e
e f f e c t iv e n e s s  o f  CA in  A chlya i n d i c a te s  t h a t  i t  i s  a p p ro x im a te ly . S
tim e s  more p o te n t  th a n  NEM and c e r t a i n  d e r iv a t iv e s  o f  m ale im ide . The
in c re a s e d  e f f e c t iv e n e s s  o f  CA.in A chlya in d i c a te s  t h a t  i t  i s  n o t  a c t in g
sim ply  a s  a n o n - s p e c i f ic  th io l - b lo c k in g  a g e n t ,  b u t i t  may be a c t in g  on
s p e c i f i c  t a r g e t s .  The re s p o n s iv e n e s s  o f  A chlya to  CA b u t  n o t  to  th e
b th e r  c y to c h a la s in s  t e s t e d  i s  c o n s i s t e n t  w ith  th e  c a p a c ity  o f  t h i s
*•
m o lecu le  to  a c t  a s  a p o t e n t i a l ,th io l - b lo c k in g  r e a g e n t .
2 . I n h ib i t io n  o f  g lu co se  u p ta k e .'
The, e x p e r im e n ts ' show t h a t  A chlya am b ise x u a lis  g erm lin g s  r a p id ly  
accum ula te  D -g lucose  (F ig .  4J5) v ia  a s u b s t r a t e  s a tu r a b le  t r a n s p o r t  
system  in  ag reem en t w ith  th e  M ichae lis-M en ten  (F ig ,  .4 .6 ) w ith
% an a p p a re n t Km v a lu e  o f  2 .4  x 10” ^ M ( F ig .  4 .7 ) .  K in e t ic  s tu d ie s  o f
D -g lucose u p ta k e  in  th e  p re se n c e  o f  s e v e r a l  c o n c e n tra t io n s  o f  CA show- 
t h a t  i t  i s  a p o te n t  i n h i b i t o r  o f .D -g lu c o se  up take  w ith  an a p p a re n t Ki • 
o f  1 .3  x 10~5 M (F ig .  4 .8 ) .  A L inew eaver-B urk  p l o t  o f  th e  d a ta  r e v e a ls  
t& a t b o th  Vmax and Kin v a lu e s  a re  a l t e r e d ,  in d ic a t in g  a mixed ty p e  o f  
i n h i b i t i o n  s ^ ^ f f ie r ^ ia n  s t r i c t l y  c o m p e tit iv e  o r 'n o n -c o m p e ti t iv e  i n h i b i ­
t i o n  (F ig .  1 . 7) .  S ince g lu co se  t r a n s p o r t  in  A chlya i s  en e rg y .d ep en d en t
1 j*
? •  v .  . * »  ■u .
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F ig . 4 .5 .  Time c o u rse  o f  g lu c o se  u p tak e  in to  A chlya a m b is e x u a lis  
g e rm lin g s  w ith  and w ith o u t CA. U ptake was m easured  by in c u b a t in g  
a p p ro x im a te ly  1 .5  x 10 g e rm lin g s  in  2 m l medium c o n ta in in g  0 .5  mM 
D -g lucose w ith  u n ifo rm ly  la b e le d  ^ C -g lu co se  (2 .3 6  x 105 cptn/u m ol) 
f o r  v a r io u s  tim e  i n t e r v a l s  a t  room te m p e ra tu re  a s  d e s c r ib e d  u nder
M a te r ia ls  and M ethods. Sym bols: ■ ■ , CA (4  x  10” ^ M); ,
C o n tro l (DMSO, 1 p e r c e n t ;  v /v ) .  Each p o in t  r e p r e s e n t s  th e  mean 
v a lu e  o f  two in d e p e n d e n t d e te rm in a t io n s .
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F ig . 4 .6 .  R a te - c o n c e n t r a t io n  r e l a t i o n s h i p  o f  g lu c o se  u p tak e  in to  
A chlya a m b ise x u a lis  g e rm lin g s  in  th e  p re s e n c e  and in  th e  absence  
o f  CA. R a te s  o f  u p ta k e  were m easured  by in c u b a t in g  a p p ro x im a te ly  
l . S  x  10^ g e rm lin g s  in  2 m l medium c o n ta in in g  v a r io u s  c o n c e n tr a t io n s  
o f  D -g lu co se  w ith  D(U-^4 C )-g lu c o se  ( 2 .3 6  x  10 cpm/p. mol) f o r  1 min 
a t  room te m p e ra tu re  a s  d e s c r ib e d  u n d er M a te r ia ls  and M ethods. 
Sym bols: m  ■ , CA ( 4  X 1 0 " S M); ±  ±  , Onni-rnl (bMSri, 1 p p ro p n t;  
v / v ) . Each p o in t  r e p r e s e n t s  th e  mean v a lu e  o f  two in d e p e n d e n t 
d e te r m in a t io n s .
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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F ig . 4 .7 .  The L inew eaver-B urk  p l o t  o f  CA i n h i b i t i o n  o f  g lu co se  
up take in to  A chlya a m b ise x u a lis  g e rm lin g s . Uptake r a t e s  were 
d e te rm in ed  by in c u b a tin g  ap p ro x im a te ly  1 x  10° g e rm lin g s in  2 ml 
o f  medium c o n ta in in g  v a r io u s  c o n c e n tra t io n s  o f  D -g lucose w ith  
u n ifo rm ly  la b e le d  ^ C -g lu c o s e  (1 .0 8  x 10^ cpm/p mol) f o r  2 min 
a t  room te m p e ra tu re  a s  d e s c r ib e d  under M a te r ia ls  and M ethods.
The c o n c e n tra t io n s  o f  CA w ere 0 p̂M ( o—o ) ,  10 jiM ( • —•  ) ,  ~
20 jjM ( • —•  ) ,  30 jiM ( * —a ) and 40 jiM ( ▲—A ) • v = n mol 
g lu co se  ta k e n  u p /1  x 10^ g e rm lin g s /2  min. s  = D -g lucose  con­
c e n t r a t i o n s  , joM. Each p o in ty  r e p r e s e n ts  th e  mean v a lu e  o f  two 
in d ep en d en t d e te rm in a t io n s .
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F ig .  4 .8 .  Dixon p l o t  o f  CA i n h i b i t i o n  o f  g lu c o se  u p ta k e  in t o  
A chlya a m b is e x u a lis  g e rm lin g s . The r a t e s  o f  u p ta k e  w ere m easured  
as  d e s c r ib e d  in  tH e le g e n d  to  F ig .  4 .7 .  S u b s tr a te  c o n c e n tr a t io n s  
u sed  w ere 3 1 .2 5  pM ( •  ) , 6 2 .5  p̂M ( • —»  ) , 125 pM ( a—a  )
and 250 pM ( ■—■ ) .  v = n mol g lu c o se  ta k e n  u p /1  x  10° g e rm lin g s /  
2 m in. i  = GA c o n c e n t r a t io n s ,  _pM. Ki = 1 .3  x 10“ ® M. Each p o in t

















T able 4 .5 .  Lack o f  e f f e c t  o f  c y to c h a la s in s  B, D and E on g lu c o se  up tak e  in  
A chlya a m b is e x u a lis .
Compound C o n c e n tra tio n , M G lucose u p ta k e , p m o le s /7 .5  x 10 4 g e rm lin g s /
2 4 6 8 10 min
C o n tro l 61 .5 9 4 .6 9 6 .5 104 .0  115. {/
C y to c h a la s in  B 4 x 10~5 55.3 85 .7 8 7 .6 9 2 .0  110 .0
C y to c h a la s in  D 4 x 10-5 57.6 8 1 .5 7 8 .4 8 6 .5  116 .0
C y to c h a la s in  E 4 x 10“ 5 65 .7 7 2 .1 7 4 .2 103 .0  8 6 .5
1
Uptake was m easured by in c u b a tin g  ap p ro x im a te ly  7 .5  x 10 germ lin g s in  2 ml 
medium c o n ta in in g  0 .5  mM D -g lucose  w ith  u n ifo rm ly  la b e le d  C -g lu co se  (2 .3 6  x 10 
cpm/p mol) f o r  v a r io u s  tim e i n t e r v a l s  a t  room te m p e ra tu re  as  d e s c r ib e d  under 
M a te r ia ls  and M ethods. The c o n t r o l  c o n ta in e d  1 p e r c e n t  DMSO ( v / v ) .  Each v a lu e  
r e p r e s e n t s  th e  mean o f  two in d e p en d en t d e te rm in a tio n s .
CO
Ov
(Goh and L eJohn, 1 9 7 8 ) , CA i n h i b i t i o n  o f  u p ta k e  may be a seco n d ary  
e f f e c t  r e l a t e d  to  th e  i n h i b i t i o n  o f  r e s p i r a t i o n .  A l te r n a t iv e ly ,  GA 
may i n t e r f e r e  w ith  b o th  t r a n s p o r t  and o x id a t iv e  p ro c e s s e s .  O th er 
an a lo g u es  o f  GA such  a s  c y to c h a la s in s  B , D and E h ad  l i t t l e  o r  no e f f e c t
3 . GA i n h i b i t i o n  o f  g lu c o se  u t i l i z a t i o n .
D ata o b ta in e d  from  two t y p i c a l  ex p e rim en ts  on th e  s tu d y  .o f
th e  e f f e c t  o f  GA on gLucose u t i l i z a t i o n  a r e  shown in  Ta b Ip  4 . f t When
g lu c o se  p re lo a d e d  m y c e lia  were in c u b a te d  in  grow th medium w ith  and 
\
w ith o u t GA, g r e a te r  amounts o f  r a d i o a c t i v i t y  w ere re c o v e re d  from  GA
t r e a t e d  m y c e lia , in d i c a t in g  a red u ced  r a t e  o f  g lu c o se  u t i l i z a t i o i r r s
14 L r  VxR a d io a c t iv i ty  l o s t  in  th e  form  o f  CC  ̂ was n o t  m easured in  th e s e  ' r i -
g lu co se  m etabo lism  from  th e  c l a r i f i e d  e x t r a c t  p re p a re d  from  g lu c o se  
p re lo a d e d  m y c e lia  1 h r  p o s t - in c u b a t io n  in  grow th medium re s o lv e d  a m inor 
(p e a k  I )  and a m ajo r (p eak  I I )  p e a k . . Peak  I  was' lo c a te d  c lo s e  to  th e  
o r ig in  w h ile  p eak  I I  m ig ra te d  n e a r  t o  th e  s o lv e n t  f r o n t  (F ig .  4 ^ 9 ).
Most o f  th e  r a d i o a c t i v i t y  re c o v e re d  from  th e  e x t r a c t  was a s s o c ia te d  - 
w ith  peak  I I  t h a t  co rre sp o n d s  to  g lucose ' when chrom atographed  w ith  known 
m a rk e rs . A lthough th e  i d e n t i t y  o f  peak  I  i s  n o t  known, i t s  l im i te d  
m o b i l i ty  from  th e  o r ig i n  su g g e s ts  th e  p re se n c e  o f  a p h o sp h o ry la te d  com­
pound. The f a c t  t h a t  a  g r e a te r  ^portion  o f  th e  la b e le d  g lu c o se  ta k e n  
up by th e  m y ce lia  rem ain ed  a s  g lu c o se  i n d i c a te s  t h a t  1 h r  in c u b a tio n  
i s  i n s u f f i c i e n t  to  d e p le te  th e  endogenous g lu co se  l e v e l  o f  th e  m y ce lia
on th e  g lu co se  u p tak e  in  A chlya (T ab le  4 .5 ) .
m e n ts .
P aper ch ro m a to g rap h ic  s e p a r a t io n  o f  v a r io u s  in te rm e d ia te s  o f

















Table 4 .6 .  GA in h i b i t i o n  o f  u t i l i z a t i o n  o f  p re - lo a d e d  g lu co se  in  
A chlya am b ise x u a lis  m y c e lia .
E xperim ent T rea tm en t R a d io a c t iv i ty  (cpm /tnl) in  
m y c e lia l  e x t r a c t  a f t e r  1 h r 
in c u b a tio n  in  growth medium
<0
I C o n tro l 8798
- -5
CA (4  x 10 M) 10356
I I C o n tro l 5680




G lucose u t i l i z a t i o n  by A chlya a m b ise x u a lis  m y ce lia  w ith  and w ith ­
o u t CA was m easured a s  d e sc r ib e d  under M a te r ia ls  and M ethods.













F ig . 4 .9 .  P a p e r ch ro m a to g rap h ic  p r o f i l e  o f  th e  e x t r a c t  p re p a re d  
from  g lu c o se  p re lo a d e d  A chlya a m b is e x u a lis  m y c e lia  1  h r  p o s t ­
in c u b a t io n  in  f r e s h  grow th  medium. A pprox im ately  50 _pl q u a n t i t i e s  
o f  th e  e x t r a c t  (p re p a re d  a s  d e s c r ib e d  under M a te r ia ls  and M ethods) 
w ere ch rom atographed  on Whatman n o . 1 p a p e r  u s in g  methanol:amm onium 
h y d ro x id e  (28 p e r c e n t ) :  w a te r  ( 6 :1 : 3 )  s o lv e n t  sy stem  f o r  15 h r .
A f te r  a i r - d r y i n g ,  th e  p a p e r  was c u t  in to  1 cm^ s t r i p s  and th e  
r a d i o a c t i v i t y  was d e te rm in e d  by l i q u i d  s c i n t i l l a t i o n  c o u n tin g . P eak  I I  
was i d e n t i f i e d  by c o -c h ro m to g ra p h y  w ith  r a d io la b e le d  g lu c o se .
Sym bols: # —•  , GA (4  x 10“ SM), a  m  ,  C o n tro l (DMSO, 2 p e r c e n t ;  v /v )
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
F ig . 4 .1 0 . Dowex-1 column chrom atography o f • e x t r a c t  p re p a re d  
from g lu c o se  p re lo a d e d  A chlya a m b ise x u a lis  m y ce lia  1  h r  p o s t ­
in c u b a tio n  in  f r e s h  growth medium. T h re e m l sam ples o f  th e  
e x t r a c t  (p re p a re d  a s  d e s c r ib e d  u nder M a te r ia ls  and M ethods) were 
a p p l ie d  t o  Dowex- 1  columns ( 2 .5  cm x 10  cm). The colum ns were 
e lu te d  w ith  0 .0 0 1  M NH40H (A ) , 0 .025  M NH4C1 + 0 .0 1  M K2B4 07 
(B ) ,  0 .025  M NH4d  + 0 .0025 M NH4OH + 0 .0 0 1  M K2B407 (C ) ,  0 .025  M 
NH4 CI + 0 .002S  M NH4OH + 0 .0001  M K2B407 (D) and 0 .02  M H Q  +
0 .02  M KG1 (E ) s e q u e n t i a l ly  and 5 ml f r a c t i o n s  were c o l le c t e d .
The r a d i o a c t i v i t y  o f  each  f r a c t i o n  was d e te rm in ed  by l i q u id  
s c i n t i l l a t i o n  c o u n tin g . I n s e t :  R a d io a c tiv e  p r o f i l e  o f  f r a c t i o n s
5-30 when chrom atographed  on p a p e r  as  d e s c r ib e d  in  th e  leg en d
to  K g . 4 .9 .  Symbols: 0 —0  3 CA (4  x 10 M); □ □ ; C o n tro l
(DMSO, 2 p e r c e n t ;  v / v ) .
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.u n d e r th e s e  c o n d i t io n s .  D e sp ite  t h e i r  q u a n t i t a t iv e  c h an g e s , no 
q u a l i t a t i v e  d i f f e r e n c e  was o b se rv ed  in  th e  ch rom ato g rap h ic  p r o f i l e s  
o f  th e  c o n t r o l  and th e  CA p r e t r e a t e d  m y c e lia .
A ttem p ts were made to  s e p a ra te  v a r io u s  in te rm e d ia te s  o f  g lu co se  
m etabo lism  on a Dowex-1 colum n. F ig , 4 .10  shows r e s u l t s  o b ta in e d  
from  a t y p i c a l  ex p e rim en t. Only a s in g le  m ajo r peak  was found fo r  
b o th  CA p r e t r e a te d  (and th e  c o n t r o l  m y c e lia . The r a d i o a c t i v i t y  a s so c ­
ia t e d  w ith  m inor peaks was to o  low to  p e rm it a n a ly s i s .  P e rh a p s , th e  
s t e a d y - s ta t e  c o n c e n tr a t io n  o f  th e  in te rm e d ia te s  o f  g lu co se  m etabo lism  
may b e  to o  low to  be r e s o lv e d  on th e  column under th e  e x p e rim e n ta l con­
d i t io n s  u sed . The i d e n t i t y  o f  th e  main p eak  was d e te rm in ed  by co -chrom a- 
to g ra p h y  w ith  r a d io la b e le d  m arkers  and found to  be g lu co se  (F ig .  4 .10  
I n s e t ) .  As shown in  F ig . 4 .1 0  l e s s  g lucose  was m e ta b o liz e d  in  th e  CA 
t r e a t e d  m y c e lia , th a n  in  th e  c o n t r o l ,  a f in d in g  in  agreem ent w ith  th e  
r e s u l t s  o b ta in e d  in  F ig . 4 .9 .
4 . I n h ib i t io n  o f  m ito c h o n d r ia l  r e s p i r a t i o n .
A p o s s ib le  s i t e  f o r  CA in h i b i t i o n  o f  r e s p i r a t i o n  i s  th e  m ito ­
ch o n d rio n . I s o la t e d  m ito c h o n d ria  r e s p i r e  th e  t r i c a r b o x y l i c  a c id  (TCA) 
c y c le  in te rm e d ia te s  p y ru v a te ,  a lp h a -k e to  g lu t a r a te  and s u c c in a te  w ith  
good a c c e p to r  c o n t ro l  r a t i o s  ( 2 .8 2 ,  5 .33  and 1 .9 3 ,  r e s p e c t iv e l y ) .  CA 
i n h i b i t s  oxygen•consum ption when p y ru v a te  i s  th e  s u b s t r a t e  (F ig .  4 .1 1 ) ,  
b u t  n o t s u c c in a te  (F ig .  4 .1 2 )  o r  a lp h a -k e to  g lu t a r a te  ( d a ta  n o t show n), 
a re  s u b s t r a t e s .  T h is  o b s e rv a tio n  in d ic a te s  t h a t  th e  fu n c t io n  o f  th e  
TCA c y c le  p e r  se  i s  n o t  b lo c k e d . CA in h i b i t i o n  o f  p y ru v a te  r e s p i r a t i o n  
i s  r a p id ,  c o n c e n tra t io n  dependen t (F ig .  4 .1 3 ) and r e v e r s ib l e  by w ashing
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
CA
“O











F ig .  4 .1 1 . E f f e c t  o f  GA on p y ru v a te  o x id a t io n  by i s o l a t e d  m ito ­
c h o n d r ia . R a te s  o f  oxygen consum ption  w ere m easured by in c u b a t in g  
0 .5  ml m i to c h o n d r ia l  su sp e n s io n '- (a p p ro x im a te ly  2 .1 6  mg p r o te in /m l)  
in  2 .5  ml medium a s  d e s c r ib e d  u nder M a te r ia ls  and M ethods.
GA (4  x 10“ S M) was added a t  th e  tim e  in d i c a te d .  The c o n t r o l  
c o n ta in e d  1 p e r c e n t  ( v /v )  DMSO.








F ig . 4 .1 2 .  E f f e c t  o f  CA and NaCN on s u c c in a te  o x id a t io n  by i s o l a t e d  
m ito c h o n d r ia . R a te s  o f  oxygen consum ption  w ere m easured by in c u b a tin g
0 .5  ml m ito c h o n d r ia l  s u sp e n s io n  (a p p ro x im a te ly  2 .1 6  mg p r o te in /m l)  
in  2 .5  m l medium f o r  v a r io u s  tim e  i n t e r v a l s  as  d e s c r ib e d  under 
M a te r ia ls  and M ethods. CA (4  x  10 M) and NaCN (1  x 10 M) were 
added a t  th e  tim e s  in d ic a te d .






0 20 60 100 
CA concentration
F ig . 4.£L3. Dose re sp o n se  cu rv e  o f  CA i n h i b i t i o n  o f  p y ru v a te  
o x id a t io n  by i s o l a t e d  m ito c h o n d r ia .  R a te s  o f  oxygen consum ption  
w ere mecfsured a s  d e s c r ib e d  in  th e  le g e n d  to  F ig . 4 .1 1 . P e rc e n ta g e  
in h i b i t i o n  i s  c a lc u la te d  as  [(Vo-Vi)/Vo] x 100 where Vo and Vi 
a re  th e  av e ra g e  r a t e s  b e fo re  and a f t e r  CA a d d i t io n .
L
L














F ig . 4 .1 4 . R e v e r s i b i l i t y  o f  GA i n h i b i t i o n  o f  p y ru v a te  o x id a t io n  
by i s o l a t e d  m ito c h o n d r ia .  One ml q u a n t i t i e s  o f  m i to c h o n d r ia l  s u s ­
p e n s io n  (a p p ro x im a te ly  2 .1 6  mg p r o te in /m l)  w ere p r e t r e a t e d  w ith  
4 x 10-5  M CA f o r  45 min a t  room te m p e r a tu r e , w ashed, re su sp e n d e d  
in  in c u b a t io n  medium and s u b se q u e n tly  u sed  f o r  oxygen -consum ption 
s tu d ie s  a s  d e s c r ib e d  in  th e  le g e n d  t o  F ig .  4 .1 1 .„  Sym bols: A—▲ ,
C o n tro l (DMSO, 1 p e r c e n t ;  v / v ) ; ■ , CA p r e t r e a tm e n t .  CA (4  x 10” % )
was added a t  th e  tim e  in d ic a te d  by  th e  arrow  to  b o th  g roups to  ch eck  
w h eth er C A - s e n s i t iv i ty  o f  m ito c h o n d ria  i s  r e t a in e d .
! /  -
: ;
/



















T able 4 .7 .  Comparison o f  th e  e f f e c t  o f  c y to c h a la s in s ,  sodium 
cy an id e  and p o t e n t i a l  t h io l - b lo c k in g  a g e n ts  on 
m ito c h o n d r ia l  r e s p i r a t i o n  when p y ru v a te  i a  th e  sub­
s t r a t e  .
Compound C o n c e n tra tio n , M R e s p ira to ry
i n h i b i t i o n ,  %
C y to c h a la s in  A 4 x 10~5 60
C y to c h a la s in  B 4 x 10" 5 0
C y to c h a la s in  D 4 x 10" 5 0
C y to c h a la s in  E 4 x 10" 5 0
Sodium cy an id e 1 X 10-3 100
N -e th y l m aleim ide 2 x 10“4 ■ 71
M ercu ric  c h lo r id e 3 x io “ 5 100
lo d o a c e ta te 1 X
tI
13
D1NB 1 X 1 0 -4 9
pCMBS 4 x 1 0 -5 100
1 ,5 - 1 - AEDANS 1 X 10~4 24
R ates  o f  oxygen consum ption by i s o l a t e d  m ito ch o n d ria  were ' 
m easured a s  d e s c r ib e d  in  th e  leg en d  to  F ig . 4 .1 1 . P e rc e n ta g e  

















T able 4 .8 .  Comparison o f  th e  r e v e r s i b i l i t y  o f  CA a c t io n  in  b a c t e r i a  and 
A chlya a m b ise x u a lis  m ito c h o n d ria .
O rg an ism /O rg an e lle  R e s p ir a to ry  r a t e  ( j i l  oxygen co n - P e rc e n t
aum ed/1 ml b a c t e r i a l  su sp e n s io n  o r  R ecovery
0 .5  ml m ito c h o n d r ia l  au sp en s io n /m in ) 
in  th e  p re se n c e  and a f t e r  rem o v a l* o f 
CA (4  x 10“  M) by w ashing.
C o n tro l With CA A f te r  wash
B a c i l lu s  s u b t i l i s 11 .75 4 .7 0  (6 0 ) 2 .3 5  (8 0 ) -3 3 .3
M icrococcus ro se u s
------... i  * -
4 .7 0 2 .6 2  (4 4 ) 4 .7 0  (0 ) 100
M icrococcus l u t e u s 8 .60 3 .1 3  (64 ) 7 .0  (1 9 ) 70
M ito c h o n d ria 3 .66 1 .2 0  (6 7 ) 3 .4 2  ( 7 .0 ) 90.
R a tes  o f  oxygen consum ption by b a c t e r i a l  and m ito c h o n d r ia l  S u spensions were 
m easured a s  d e s c r ib e d  in  th e  legend  to  F ig u re s  2 .1  and 4 .1 1 , r e s p e c t i v e l y . The 
numbers in  p a re n th e s e s  r e p r e s e n t  p e rc e n ta g e  in h i b i t i o n  in  th e  p re se n c e  o f  and 
a f t e r  rem oval o f  CA by w ash ing . P e rc e n t  re c o v e ry  was c a lc u la te d  a s  [(P —P—) /P +] x 
100 where P+ and P“ a r e  th e  p e rc e n t  i n h i b i t i o n s  in  th e  p re s e n c e  o f  and a f t e r  
th e  rem oval o f  CA by w ash ing . The c o n t r o l  c o n ta in e d  DMSO a t  a c o n c e n tr a t io n  
o f  1 p e rc e n t  ( v /v ) .
00














F ig . 4 .1 5 . L ack  o f  e f f e c t  o f  CA on p y ru v a te  u p tak e  o f  i s o l a t e d  
m ito c h o n d r ia .  R a te s  o f  u p ta k e  (n  m o le s /2  m in/O .S  ml m i to c h o n d r ia l  
su sp e n s io n )  w ere m easured  a s  d e sc riB e S "u n d e r M a te r ia ls  and M ethods. 
Symbols: , C o n tro l (DMSO, 1  p e r c e n t ;  v / v j \  g  g  }
(4  x 10~5 M).
' I
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(F ig .  4 .1 4 ) .  T h is  r e v e r s i b i l i t y  c o n t r a s t s  w ith  th e  i r r e v e r s i b i l i t y  
o f  a c t io n  on i n t a c t  m y ce lia  (F ig .  4 . 4 ) ,  a n d .o f  sp o re s  and g e rm lin g s  
(d a ta  n o t  show n). I n t e r e s t i n g l y ,  as  shown in  T able 4 .8  GA in h i b i t i o n  
? o f  r e s p i r a t i o n  in  m ost b a c t e r i a  exam ined i s  r e v e r s ib l e  by w ash , s i g ­
n ify in g  a com parable  mode o f  C A -action  in  p ro k a ry o te s  and in  th e  m ito ­
ch o n d ria  s tu d ie d .  The CA in h i b i t i o n  o f  p y ru v a te  o x id a tio n  may be 
a t t r i b u t a b l e  e i t h e r  t o  i n h i b i t i o n  o f  m ito c h o n d r ia l  u p ta k e  o f  p y ru v a te ,  
o r  to  i n t e r f e r e n c e  w ith  a th io l - b lo c k in g  a g e n t - s e n s i t iv e  p y ru v a te  
dehydrogenase com plex. However, th e  f a c t  t h a t  CA f a i l e d  to  i n h i b i t  
p y ru v a te  t r a n s p o r t  in  i s o l a t e d  m ito c h o n d ria  (F ig .  4 .1 5 ) p re c lu d e s  sub­
s t r a t e  t r a n s p o r t  in h i b i t i o n  a s  th e  p rim a ry  cause  o f  th e  i n h i b i t i o n  o f  
p y ru v a te  o x id a t io n .
S ince m ito c h o n d r ia l  a c t i v i t y  depends on s e v e r a l  t h i o l - s e n s i t i v e  
enzymes th e  p o s s i b i l i t y  t h a t  CA may be p r im a r i ly  a c t in g  as  a t h i o l -  
b lo c k in g  a g e n t . i n  m ito ch o n d ria  was e x p lo re d  by s tu d y in g  th e  e f f e c t  o f  
o th e r  p o t e n t i a l  th io l - b lo c k in g  a g e n ts  on p y ru v a te  o x id a t io n .  As shown 
in  Table 4 .7  o n ly  c e r t a in  th io 1 -b lo c k e r s  a re  e f f e c t iv e .  The n o n -p e r -  
meant th i o l - b lo c k e r  pCMBS t h a t  i n h i b i t s  r e s p i r a t i o n  on ly  m ild ly  in  
i n t a c t  m y ce lia  (T ab le  4..4) i s  a p o te n t  i n h i b i t o r  o f  p y ru v a te  o x id a tio n  
in  i s o la te d  m ito c h o n d r ia , in d i c a t in g  t h a t  p e rm eatio n  o f  m y ce lia  may 
be more im p o rta n t th a n  t h a t  o f  m ito c h o n d ria  in  d e te rm in in g  i n h i b i t o r  
a c t io n .
5. E f f e c t  o f  w a ll  rem oval on CA re s p o n s e .
The fu n g a l  c e l l  w a ll  in  s e v e r a l  o rgan ism s (A ronson , 1965; 
F a rk a s , 1 9 7 9 ), in c lu d in g  Achlya (LeJohn e t  a l . , 1974; Cameron and
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F ig . 4 .1 6 . GA i n h i b i t i o n  o f  oxygen consum ption  by A chlya a m b is e x u a lis  
p r o t o p l a s t s .  R a tes  o f  oxygen consum ption  by i s o l a t e d  p r o to p l a s t s  
were m easured  by in c u b a t in g  1  ml o f  th e  su sp e n s io n  in  2  m l medium a s  
d e s c r ib e d  u n d e r M a te r ia ls  and M ethods. GA ( 4 x  10"^ M) was added 
a t  th e  tim e  in d i c a te d .  The c o n t r o l  c o n ta in e d  1 p e r c e n t  ( v /v )  DMSO.
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L eJohn , 1978) i s  v e ry  a c t iv e  m e ta b o l ic a l ly .  For t h i s  re a so n  th e  
e f f e c t  o f  w a ll  rem oval on p r o to p la s t  r e s p i r a t i o n  and t h e i r  re sp o n se  
to  CA were exam ined. As shown in  F ig . 4 .1 6  p r o to p la s t s  i s o l a t e d  from 
A chlya a m b ise x u a lis  m y c e lia  consume oxygen v e ry  r a p id ly ,  i n d ic a t in g  
t h a t  t h e i r  r e s p i r a t o r y  m etabo lism  i s  u n a f fe c te d  by th e  absence o f  
w a l l  m a te r ia l .  In  th e  p re s e n c e  o f  n u t r i e n t s  (p ep to n e  y e a s t  e x t r a c t  
a g a r)  th e  p r o to p la s t s  r e a d i ly  s y n th e s iz e  a new c e l l  w a ll  and co m p le te ly  
r e g e n e ra te  w ith in  24 h r .  The f a c t  t h a t  CA i n h i b i t s  oxygen consum ption 
by th e  p r o to p la s t  su g g e s ts  t h a t  th e  re sp o n se  o f  i n t a c t  m ycelia  to  CA 
i s  u n l ik e ly  to  be m ed ia ted  v ia  th e  c e l l  w a ll .
D. D isc u ss io n
S e v e ra l i n t e r e s t i n g  p o in t s  co n ce rn in g  th e  C A -in h ib itio n  o f  r e s -
4
p i r a t o r y  m etabo lism  in  A chlya am b ise x u a lis  have emerged from t h i s  s tu d y .
1 . CA in h ib i ts 'o x y g e n  consum ption o f  a l l  th r e e  developm en ta l form s 
( s p o r e s ,  germ lings and m y c e lia ) o f  t h i s  fu n g u s . No p a r t i c u l a r  s ta g e
o f  th e  l i f e  c y c le  ap p ea red  to  be r e s i s t a n t  to  C A -in h ib itio n  o f  r e s p i r a ­
t i o n .  However, th e  d eg ree  o f  in h i b i t i o n  depends on th e  p h y s io lo g ic a l  
s t a t e  o f  th e  o rgan ism . For in s ta n c e ,  a c t iv e ly  grow ing m ycelia  and germ­
l i n g s  a re  more s u s c e p t ib le  to  CA th a n  e n c y s te d  sp o re s .  T his o b s e rv a tio n  
su p p o r ts  th e  im portance o f  c o n s id e r in g  th e  deve lo p m en ta l s t a t e  o f  an 
o rgan ism  when in t e r p r e t i n g  e x p e rim e n ta l d a ta .
2 . The C A -in h ib itio n  o f  r e s p i r a t i o n  in  A chlya am b isex u a lis  i s  a d i r e c t  
e f f e c t ,  n o t s im p ly  a r e s u l t  o f  in h i b i t i o n  o f  s u b s t r a t e  t r a n s p o r t .  Two 
l i n e s  o f  ev idence  su p p o r t t h i s  assum ption : ( a )  CA i n h i b i t s  oxygen co n -
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
103
sum ption  i n  th e  absence o f  exogenous r e s p i r a t o r y  s u b s t r a f e s  such  as
14g lu c o se , ( b )  when m y ce lia  were p re lo a d e d  w ith  C -g lu co se  and sub­
s e q u e n tly  exam ined f o r  u t i l i z a t i o n  in  th e  p re se n c e  o f  CA, th e  i n h i b i t o r  
m arkedly  d e c re a se d  s u b s t r a t e  m e tab o lism . When m e ta b o li te s  were an a ly zed
was a s s o c ia te d  w ith  g lu c o se . The f a i l u r e  t o  d e te c t  p eak s  r e p r e s e n t in g
a n d /o r  low l e v e l s  o f  such  compounds under s t e a d y - s ta t e  c o n d i t io n s .
3 . . The C A -in h ib itio n  o f  g lu c o se  u p ta k e  in  A chlya a m b ise x u a lis  i s ,. a t  
l e a s t  in  p a r t ,  a seco n d ary  e f f e c t .  S in ce  g lu co se  t r a n s p o r t  in  t h i s  
fungus i s  dependen t o f  energy  (Goh and L eJohn, 1978) i n h i b i t i o n  o f  
en erg y  y ie ld in g  p ro c e s s e s  such  a s  r e s p i r a t i o n  would s e v e re ly  im p a ir  i t s  
u p ta k e . The k in e t i c  s tu d ie s  o f  th e  C A -in h ib itio n  o f  g lu co se  t r a n s p o r t  
r e v e a l  t h a t  b o th  th e  Vmax and th e  Km v a lu e s  a re  a l t e r e d  s ig n i f y in g  a 
mixed ty p e  o f ' in h i b i t i o n .
4 . C A -in h ib itio n  o f  m ito c h o n d r ia l  r e s p i r a t i o n  in  v i t r o  in d i c a te s  t h a t  
t h i s  o rg a n e l le  may be a p o t e n t i a l  t a r g e t  o f  CA a c t io n  in  A chlya ambi­
s e x u a l i s . The f a c t  t h a t . s u c h  in h i b i t i o n  i s  ob serv ed  o n ly  when p y ru v a te ,  
b u t  n o t  o th e r  s u b s t r a t e s ,  i s  u sed  in d i c a te s  t h a t  th e  lo c a t io n  o f  a c t io n  
i s  n e i th e r  on th e  TCA c y c le  i t s e l f  n o r on th e  cy tochrom es. In  c o n tra s t-  
t o  th e  i r r e v e r s i b l e  C A -in h ib itio n  o f  r e s p i r a t i o n  in  s p o re s ,  germ lin g s  
and m y c e lia . th e  i n h i b i t i o n  o f  oxygen consum ption in  m ito ch o n d ria  i s  
a lm o st c o m p le te ly  r e v e r s ib l e  upon th e  rem oval o f  th e  compound by w ashing. 
T h is r e v e r s ib l e  C A -action in  m ito c h o n d ria  ap p ea rs  t o  be s im i la r  to  th e  
r e v e r s ib l e  i n h i b i t i o n  o f  r e s p i r a t i o n  in  s e v e r a l  b a c t e r i a ,  in d ic a t in g  a
u s in g  p a p e r  and io n  exchange chrom atography m ost o f  th e  r a d i o a c t i v i t y
v a r io u s  in te rm e d ia te s  o f  g lu c o se  m etabo lism i f y  p o o r s e p a ra t io n
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comparable mode o f  a c t io n  in  prokaryytes and in  Achlya m itochondria .
5. The o b s e rv a t io n  t h a t  o th e r  p o t e n t i a l  th io l - b lo c k in g  a g e n ts  such  
a s  NEM, pCMBS, HgCl^ e t c . \a ls o  i n h i b i t  oxygen consum ption  by m ito ­
c h o n d ria  i s  c o n s i s t e n t  w ith  th e  p o s s i b i l i t y  t h a t  CA a ls o  may be a c t in g  
as  a t h i o l - b lo c k e r .
/
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SUMMARY
1 . C y to c h a la s in  A (C A ), b u t  n o t o th e r  c y to c h a la s in s  t e s t e d ,  i s  a ' ,  
p o te n t  i n h i b i t o r  o f  r e s p i r a t i o n  o f  c e r t a in  b a c te r ia ,  and fu n g i-  -
2 . The in h i b i t i o n  o f  a e ro b ic  r e s p i r a t i o n  in  b a c t e r i a  i s  gram r e a c t i o n '  
-dependen t; gram p o s i t i v e  o rgan ism s a re  C A -su sce p tib le  w hereas gram 
n e g a t iv e  o rgan ism s a re  C A - re s is ta n t .
3 . The C A -in h ib itio n  o f  r e s p i r a t i o n  in  gram p o s i t i v e  b a c t e r i a  i s  r a p id ,  
c o n c e n tr a t io n  d ep en d e n t, g e n e ra lly  r e v e r s ib l e  by w ashing e x c e p t
in  B a c i l lu s  s u b t i l i s , and n o t  m ed ia ted  v ia  i n h i b i t i o n  o f  s u b s t r a t e  
. t r a n s p o r t .
4 . The C A -s u s c e p t ib i l i ty  o f  b a c te r ia  i s  r e l a t e d  to  t h e i r  p e rm e a b il i ty  
to  t h i s  compound; gram n e g a t iv e  o rgan ism s which a re  r e s i s t a n t  have 
low C A -p erm eab ility  w hereas s u s c e p t ib le  gram p o s i t i v e  o rgan ism s 
p o s se s s  h ig h  p e r m e a b i l i ty .  The low C A -perm eab ility  o f  gram n e g a t iv e  
b a c t e r ia  ap p ea rs  t o  be  r e l a t e d  to  th e  p re s e n c e  o f  th e  o u te r  mem­
bran e  o f  t h e i r ,  c e l l  en v e lo p e .
5. C A -re s is ta n t  gram n e g a t iv e  b a c t e r i a  such  a s  E s c h e r ic h ia  c o l i  and 
Pseudomonas a e ru g in o sa  a re  made C A -su sce p tib le  and CA-permeable by 
m od ify ing  t h e i r  p e r m e a b i l i ty  w ith  EDTA tre a tm e n t a n d /o r  by grow ing 
th e  c e l l s  a t  h ig h  te m p e ra tu re .
6. The te m p e ra tu re  in d u c ed  C A -s u s c e p t ib i l i ty  o f  r e s i s t a n t  gram n e g a t iv e  
b a c t e r i a  ap p ea rs  to  be somehow l in k e d  to  th e  p r o p e r t i e s  o f  th e  f a t t y  
.ac id  com ponents o f  th e  membrane l i p i d .  Under c o n d i t io n s  where 
s a tu r a te d  f a t t y  a c id s  a re  p redom inan t (h ig h  te m p e ra tu re )  CA shows 
in c re a s e d  e f f e c t iv e n e s s .  The a b ru p t d e c l in e  o f  th e  p ro p o r t io n  o f  
u n s a tu ra te d  f a t t y  a c id s  a t  h ig h  te m p e ra tu re  i s  c o r r e la te d  w ith  in ­
c re a se d  C A - s u s c e p t ib i l i ty .
7. Among v a r io u s  fu n g i 'f ro m  6 p h y lo g e n e tic  g roups exam ined, o n ly  
Oomycetes and C h y trid io m y c e tes  a re  s u s c e p t ib le  to  C A -in h ib itio n  o f  
r e s p i r a t i o n .
8 . In  m ost fu n g i C A -s u s c e p t ib i l i ty  i s  c o r r e l a t e d  w ith  CA -perm eation 
in to  th e  c e l l s ,  th e  e x c e p tio n  b e in g  B asid io m y ce tes  where h ig h  p e r ­
m eation  i s  u n a s s o c ia te d  w ith  co n co m itan t s u s c e p t i b i l i t y .
9 . E xperim ents w ith  A chlya a m b is e x u a lis , a t y p i c a l  Oomycetous fu n g u s , 
in d ic a te s  t h a t  C A -in h ib itio n  o f  r e s p i r a t i o n  in  t h i s  fungus i s  r a p id ,  
c o n c e n tr a t io n  d e p e n d e n t, i r r e v e r s i b l e  and n o t  m ed ia ted  by in h i b i t i o n  
o f  s u b s t r a te  t r a n s p o r t .
10. A chlya m ito ch o n d ria  in  v i t r o  r e s p i r e  th e  TCA cy p le  in te rm e d ia te s
p y ru v a te ,  a lp h a - k e to g lu ta r a te  and s u c c in a te  w ith  good a c c e p to r  co n -
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t r o l  r a t io s ;  GA in h ib i t s  on ly  pyruvate o x id a tio n .
11. In c o n tr a s t  to  th e  ir r e v e r s ib le  CA-action in  in t a c t  sy stem s, in ­
h ib it io n  o f  pyruvate o x id a tio n  by i s o la t e d  m itochondria i s  r e v e r s i­
b le  by washing.
12. Both in  b a c te r ia  and in  fu n g i GA a c ts  as a th io l-b lo c k in g  rea g en t. 
This th io l-b lo c k in g  p rop erty  o f  GA (w hich o th er  c y to c h a la s in s  are  
ap p aren tly  la c k in g ) i s  th e  key to  i t s  e f f e c t iv e n e s s  as a r e sp ir a to r y  
in h ib ito r .  However, GA i s  5 tim es more p o te n t than N -e th y l m a le i-  
m id e ,-a  permeant th io l-b lo c k in g  agent th a t  p o s s e s s e s  s im ila r  chem ical 
s tr u c tu r e  a t  th e  presumed t e a c t iv e  s i t e ,  in d ic a t in g  th a t  GA may a c t  
as a s e le c t iv e . t h io l - b lo c k e r  ra th er  than as a g en era l group s p e c i f i c  
rea g e n t.
13. B r ie f ly ,  the. s e l e c t iv e  a c t io n  o f  GA as a r e sp ir a to r y  in h ib ito r  may 
be p r im a rily  r e sp o n s ib le  fo r  i t s  b a c te r io s ta t ic  and fu n g is t a t ic  
p r o p e r t ie s .
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